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SUMMARY 
The g rowth and d i s t r i b u t i o n of b u s i n e s s f i r m s by s i z e s w i t h i n a 
p a r t i c u l a r i n d u s t r y h a s r e c e i v e d c o n s i d e r a b l e a t t e n t i o n from e c o n o m i s t s 
and s t a t i s t i c i a n s i n t e r e s t e d i n phenomena such a s c o m p e t i t i o n , o l i g o p o l y , 
c o n c e n t r a t i o n m e a s u r e s , e t c . The a p p l i c a t i o n of s t o c h a s t i c t e c h n i q u e s t o 
t h e e x p l a n a t i o n of t h e s e dynamic phenomena h a s b e e n s u c c e s s f u l . T h i s p a p e r 
i s d e v o t e d t o t h e c o n s t r u c t i o n of some s t o c h a s t i c models t o p r e d i c t t h e 
s i z e d i s t r i b u t i o n of f i r m s i n a p a r t i c u l a r i n d u s t r y . 
I n t h e mode l s d i s c u s s e d we assumed t h a t t h e s i z e d i s t r i b u t i o n of 
f i r m s i n a g i v e n i n d u s t r y b e t w e e n an e n u m e r a b l e i n f i n i t y of f i r m - s i z e 
r a n g e s i s assumed t o d e v e l o p b y means of a s t o c h a s t i c p r o c e s s . I n most of 
t h e mode l s t h e s t o c h a s t i c m a t r i x was assumed t o r e m a i n c o n s t a n t ove r t i m e . 
Under t h e s e c i r c u m s t a n c e s and p r o v i d e d c e r t a i n o t h e r c o n d i t i o n s a r e s a t i s ­
f i e d , t h e d i s t r i b u t i o n w i l l t e n d t o w a r d a u n i q u e e q u i l i b r i u m d e p e n d e n t upon 
t h e s t o c h a s t i c m a t r i x . 
I t was found t h a t u n d e r f a i r l y g e n e r a l c o n d i t i o n s , p r o v i d e d t h a t t h e 
p r o s p e c t of change of f i r m s i z e s a s d e s c r i b e d by t h e s t o c h a s t i c m a t r i x i s 
i n a c e r t a i n way i n d e p e n d e n t of t h e s i z e of t h e f i r m s t h e m s e l v e s a b o v e 
some l i m i t , t h e e q u i l i b r i u m d i s t r i b u t i o n of f i r m s i z e s i n a g i v e n i n d u s t r y 
i s t h e P a r e t o d i s t r i b u t i o n . C o n s i d e r a t i o n was a l s o g i v e n t o t h e e f f e c t s 
t h e l e v e l s of t e c h n o l o g i c a l p r o g r e s s r e a c h e d by t h e f i r m s w i t h i n an i n d u s t r y 
c o u l d have on t h e f i r m s i z e s e q u i l i b r i u m d i s t r i b u t i o n . 
F i n a l l y , t h e P a r e t o d i s t r i b u t i o n i s u s e d t o d e t e r m i n e t h e e q u i l i b r i u m 




The G e n e r a l P rob l em 
The o b j e c t of t h i s p a p e r i s t o a p p l y s t o c h a s t i c p r o c e s s e s i n t h e 
c o n s t r u c t i o n and a p p l i c a t i o n of some models t o t h e a n a l y s i s of t h e s t r u c ­
t u r e which t h e b i g g e s t f i r m s of a g i v e n i n d u s t r y would a c t u a l l y r e a c h i f 
c e r t a i n t r e n d s were t o c o n t i n u e . T h i s may be a c c o m p l i s h e d a s suming t h e 
d i s t r i b u t i o n of f i r m - s i z e s t h r o u g h an e n u m e r a b l e i n f i n i t y of f i r m - s i z e 
r a n g e s t o be d e v e l o p e d by means of a s t o c h a s t i c p r o c e s s . By a s suming 
c e r t a i n r e s t r i c t i o n s w i t h r e s p e c t t o t h e r a t e of g r o w t h of f i r m s we o b ­
t a i n a s t e a d y - s t a t e d i s t r i b u t i o n of t h e s i z e of f i r m s i n a g i v e n i n d u s t r y : 
t h e P a r e t o d i s t r i b u t i o n . I t i s a n t i c i p a t e d t h a t t h e l i m i t a t i o n s of t h e 
models and t h e e x t e n t t o wh ich t h e y a p p r o x i m a t e r e a l i t y a r e t o b e a s c e r ­
t a i n e d d u r i n g t h i s s t u d y . 
P u r p o s e 
The p u r p o s e of p r e d i c t i n g t h e s i z e d i s t r i b u t i o n of f i r m s i n a g i v e n 
i n d u s t r y i s t o advance knowledge c o n c e r n i n g t h e a p p l i c a t i o n of s t o c h a s t i c 
p r o c e s s e s f o r t h e a n a l y s i s of economic phenomena t h a t c a n n o t be advanced 
by t h e t r a d i t i o n a l t h e o r y of t h e f i r m . 
A s p e c i f i c p u r p o s e i s t o c h a r a c t e r i z e t h e l a r g e amount of f a c t o r s 
wh ich a f f e c t a ma rke t s t r u c t u r e of an i n d u s t r y a s a s i m p l e s t o c h a s t i c 
m o d e l . A n o t h e r p u r p o s e i s t o s u g g e s t a r e a s i n w h i c h f u r t h e r a n a l y t i c a l 
r e s e a r c h may be t a k e n up and t o d i s c u s s i m p l i c a t i o n s of t h e s t o c h a s t i c 
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p r o c e s s e s -when u s e d t o e x p l a i n t h e b e h a v i o r of t h e f i r m s of a g i v e n i n d u s t r y . 
D e f i n i t i o n of t h e P rob lem 
The m o t i v a t i o n f o r s t u d y i n g t h e p r o b l e m i s e s s e n t i a l l y t h e f o l l o w ­
i n g : t h e d i s t r i b u t i o n of b u s i n e s s f i r m s by s i z e i s i m p o r t a n t i n p r o b l e m s 
of c o m p e t i t i o n and monopoly and a l s o i n i s s u e s of a n t i t r u s t laws o r c o n ­
c e n t r a t i o n of i n d u s t r i e s . So f a r t h e r e does n o t e x i s t a s a t i s f a c t o r y i n ­
dex t o measu re c o n c e n t r a t i o n i n i n d u s t r y . 
The t r a d i t i o n a l t h e o r y of t h e f i r m t h a t c o n f i n e s t h e f i r m w i t h i n a 
s t a t i c f rame p r o v i d e d by c a t e g o r i e s of monopoly and c o m p e t i t i o n , and by 
p r o b l e m s of o u t p u t d e t e r m i n a t i o n a t t e m p t s t o e x p l a i n t h e s e dynamic p h e ­
nomena a b o u t c o n c e n t r a t i o n and g r o w t h of f i r m s i n t e r m s of s t a t i c c o s t 
c u r v e s - l o n g r u n a v e r a g e c o s t c u r v e - w i t h q u e s t i o n a b l e r e s u l t s . 
I n r e c e n t y e a r s t h e u s e of s t o c h a s t i c p r o c e s s e s i n t h e e x p l a n a t i o n 
and f o r m u l a t i o n of models of g rowth i n s i z e d i s t r i b u t i o n s of f i r m s h a s 
o c c u p i e d a p r o m i n e n t p l a c e i n t h e l i t e r a t u r e of s i z e d i s t r i b u t i o n of 
b u s i n e s s f i r m s , p a r t i c u l a r l y b e c a u s e t h r o u g h t h e s t o c h a s t i c a n a l y s i s i t 
i s p o s s i b l e t o i n t e r p r e t t h e s i z e d i s t r i b u t i o n of f i r m s i n t e r m s of t h e 
dynamics of t h e g r o w t h p r o c e s s r a t h e r t h a n i n t e r m s of s t a t i c c o s t c u r v e s . 
A l s o , i f t h e a s s u m p t i o n s on w h i c h t h e s t o c h a s t i c models r e s t a r e c o r r e c t 
t h e models c a l l f o r new s t a t i s t i c a l m e a s u r e s of t h e d e g r e e of c o n c e n t r a t i o n 
and new economic i n t e r p r e t a t i o n s of c o n c e n t r a t i o n s . B o n i n i ( 2 1 ) r e c a l l s 
t h a t i f i t i s p o s s i b l e t o f i t a d i s t r i b u t i o n f u n c t i o n t o t h e s i z e of f i r m s 
i n a g i v e n i n d u s t r y on t h e b a s i s of a t h e o r e t i c a l m o d e l , i t i s r e a s o n a b l e 
t o b a s e t h e m e a s u r e s of c o n c e n t r a t i o n on t h e p a r a m e t e r s of t h e d i s t r i b u t i o n 
f u n c t i o n . 
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CHAPTER I I 
LITERATURE SURVEY 
I t i s n o t n e c e s s a r y t o emphas i ze t h e d i f f i c u l t i e s of b u i l d i n g 
models of g r o w t h and s i z e d i s t r i b u t i o n of f i r m s . A f i r m i s a complex 
o r g a n i z a t i o n and c a n n o t o n l y expand i n t e r n a l l y b u t a l s o i n f l u e n c e i t s 
e n v i r o n m e n t t o e n s u r e g rowth p o s s i b i l i t i e s . I f a l l t h e f a c t o r s t h a t 
i n f l u e n c e t h e g r o w t h of a f i r m were t a k e n i n t o a c c o u n t , t h e c o m p l e x i t y 
of t h e model would make i t u n m a n a g e a b l e . On t h e o t h e r h a n d , i f s t r o n g 
s i m p l i f i c a t i o n s were made t h e model would l o s e r e a l i t y . 
To overcome t h e s e p r o b l e m s and g i v e n t h a t t h e c l a s s i c a l t h e o r y of 
t h e f i r m h a s l i t t l e t o s a y a b o u t t h e dynamic b e h a v i o r of t h e f i r m , some 
e f f o r t s have b e e n made i n r e c e n t y e a r s t o w a r d t h e c o n s t r u c t i o n of models 
of g r o w t h and s i z e d i s t r i b u t i o n of f i r m s , c o n s i d e r i n g t h e g r o w t h of f i r m s 
a s a s t o c h a s t i c p r o c e s s . 
Some of t h e most s i g n i f i c a n t c o n t r i b u t i o n s a r e summarized i n t h e 
n e x t p a g e s . 
S t o c h a s t i c A p p r o a c h e s 
H a r t and P r i a s ( l l ) , making s t u d i e s of b u s i n e s s c o n c e n t r a t i o n i n 
t h e U n i t e d Kingdom, d i s c o v e r e d some i n t e r e s t i n g r e l a t i o n s h i p s b e t w e e n t h e 
s i z e and g r o w t h of t h e B r i t i s h f i r m s . S p e c i f i c a l l y , t h a t t h e g r o w t h of 
t h e B r i t i s h f i r m s which a r e a l i v e b o t h a t t h e b e g i n n i n g and a t t h e end of 
a g i v e n p e r i o d of t i m e can b e r e p r e s e n t e d by a s i n g l e p r o b a b i l i t y scheme 
d e s c r i b e d by t h e law of t h e p r o p o r t i o n a t e g r o w t h , o r G i b r a t ' s law ( 3 ) : 
w h i l e a l a r g e r f i r m may have a b e t t e r change of i n c r e a s i n g i t s s i z e by a 
g i v e n amount , t h e c h a n c e of a p r o p o r t i o n a t e i n c r e a s e i s t h e same f o r f i r m s 
of a l l s i z e s . 
They g r o u p e d 1 ,939 B r i t i s h f i r m s i n t o 17 g r o u p s or c a t e g o r i e s 
a c c o r d i n g t o t h e n e t a s s e t s p o s s e s s e d by e a c h company and s t u d i e d how t h e 
f i r m s moved t h r o u g h t h e c a t e g o r i e s ; i n o t h e r w o r d s , t h e g r o w t h of t h e 
f i r m s from p e r i o d s of t ime b e t w e e n 1885 and 1 9 5 0 . Then t h e y c a l c u l a t e d 
from t h e d a t a t h e p r o b a b i l i t y of g r o w t h of e a c h f i r m . (See F i g u r e s 1 and 2 
f o r d i f f e r e n t p e r i o d s of t i m e . ) 
As i t can b e s e e n from t h e f i g u r e s , t h e p r o c e s s of g r o w t h of t h e 
f i r m s i s d e s c r i b e d q u i t e w e l l by a l o g - n o r m a l d i s t r i b u t i o n t y p e f u n c t i o n 
c o n f i r m i n g t h e a s s u m p t i o n of t h e p r o p o r t i o n a t e g r o w t h . 
From F i g u r e 2 t h e a v e r a g e amount of g r o w t h a s shown by t h e p o s i t i o n 
of t h e maximum o r d i n a t e of e a c h c u r v e v a r i e s from p e r i o d t o p e r i o d , b u t a s 
t h e a u t h o r s p o i n t o u t , t h i s was due t o t h e r e f l e c t i o n of c h a n g e s i n p r i c e s . 
I t i s w o r t h w h i l e t o c a l l t o a t t e n t i o n t h e s i m i l a r i t y and n e a r n o r m a l i t y of 
d i s p e r s i o n s of t h e c u r v e s o v e r p e r i o d s of t ime w h i c h had such d i f f e r e n t 
economic c h a r a c t e r i s t i c s . T h i s i s t h e f i r s t model d e s c r i b i n g g r o w t h and 
s i z e r e l a t i o n s h i p s of f i r m s t h a t a p p e a r e d i n t h e l i t e r a t u r e . I t s i n f l u ­
e n c e o v e r l a t e r works i n t h i s f i e l d h a s b e e n r e m a r k a b l e , p a r t i c u l a r l y i n 
t h e u s e of t h e law of p r o p o r t i o n a t e g r o w t h a s an a s s u m p t i o n i n l a t e r 
m o d e l s . Simon and B o n i n i (21) a p p l y s t o c h a s t i c a n a l y s i s t o t h e c o n s t r u c ­
t i o n of a model of g r o w t h and s i z e d i s t r i b u t i o n of f i r m s i n t h e U n i t e d 
S t a t e s . They s u s t a i n , a s Ba in ( 6 ) , t h a t t h e c h a r a c t e r i s t i c c o s t c u r v e 
f o r a f i r m shows v i r t u a l l y c o n s t a n t r e t u r n t o s c a l e f o r f i r m s i z e s above 
some c r i t i c a l minimum i n a p a r t i c u l a r i n d u s t r y . Under t h e c i r c u m s t a n c e s , 
1/B 1tf 1/2 1 2 4 8 F ina l s i z e 
O r i g i n a l s i ze 
G r o w t h of B r i t i s h F i r m s Dur ing 1907 t o 1 9 3 9 . 
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Or ig ina l s i ze 
Probabil i t ies Of The Growth Of B r i t i s h Firms 189©-1950 
FIG 2 
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t h e s t a t i c c o s t t h e o r y may p r e d i c t t h e minimum s i z e of f i r m s i n an i n ­
d u s t r y , b u t i t w i l l n o t p r e d i c t t h e s i z e d i s t r i b u t i o n of f i r m s . 
Simon and B o n i n i (21) p r o p o s e d a s t h e o r e t i c a l a p p r o a c h f o r t h e e x ­
p l a n a t i o n of g r o w t h and s i z e d i s t r i b u t i o n of f i r m s a s t o c h a s t i c model 
b a s e d on t h e f o l l o w i n g a s s u m p t i o n s : 
( a ) The s i z e of t h e f i r m s h a s no e f f e c t upon e x p e c t e d p e r c e n t a g e 
g r o w t h . Tha t i s t o s a y , we assume t h a t a f i r m r andomly s e l e c t e d from 
t h o s e of one m i l l i o n d o l l a r s i n a s s e t s h a s t h e same p r o b a b i l i t y of g row­
i n g , s a y , 20 p e r c e n t , a s a f i r m r andomly s e l e c t e d from t h o s e w i t h one 
b i l l i o n d o l l a r s i n a s s e t s . The r e a s o n s f o r t h i s a s s u m p t i o n a r e t h a t i t 
a g r e e s w i t h t h e e m p i r i c a l f i n d i n g s of H a r t and P r i a s ( l l ) and a l s o t h e 
a s s u m p t i o n t h a t t h e r e e x i s t s a p p r o x i m a t e l y c o n s t a n t r e t u r n t o s c a l e above 
a minimum s i z e of f i r m . 
(b ) There i s a minimum s i z e of f i r m - - S m - - i n an i n d u s t r y , and f o r 
f i r m s above t h i s s i z e , u n i t c o s t s a r e c o n s t a n t . I n d i v i d u a l f i r m s i n t h e 
i n d u s t r y w i l l grow o r s h r i n k a t v a r y i n g r a t e s , d e p e n d i n g on such f a c t o r s 
a s p r o f i t , d i v i d e n d s , p o l i c y , m e r g e r s , a c c e s s t o p a r t i c u l a r f a c t o r s of 
p r o d u c t i o n , ma rke t o p e r a t i o n s , e t c . A l l t h e s e f o r c e s , Simon p o i n t s o u t 
( 2 1 ) , w i l l g e n e r a t e a p r o b a b i l i t y d i s t r i b u t i o n f o r t h e c h a n g e s of f i r m s 
of a g i v e n s i z e . 
( c ) New f i r m s a r e b e i n g " b o r n " i n t h e s m a l l e s t s i z e c l a s s a t a 
r e l a t i v e l y c o n s t a n t r a t e . 
Under t h e s e h y p o t h e s e s t h e a u t h o r s p r o v e t h a t t h e s t e a d y - s t a t e 
d i s t r i b u t i o n of t h i s p r o c e s s i s g i v e n by t h e Yule d i s t r i b u t i o n ( 2 0 ) . 
Le t f ( s ) d s r e p r e s e n t t h e p r o b a b i l i t y d e n s i t y of f i r m s of s i z e " s , " 
Then t h e Yule d i s t r i b u t i o n i s g i v e n by 
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f ( s ) = KB(S,p + 1) ( 2 - 1 ) 
where B(S p + l ) i s t h e B e t a F u n c t i o n of s and (p + l ) , K i s a n o r m a l i z ­
i n g c o n s t a n t , and p i s a p a r a m e t e r . 
One p r o p e r t y of ( 2 - 1 ) i s t h a t when S -* <»5 
f ( s ) = M S " ( P + 1 ) , ( 2 - 2 ) 
wh ich i s t h e P a r e t o d i s t r i b u t i o n . 
The p a r a m e t e r p of t h e Yule d i s t r i b u t i o n h a s t h e f o l l o w i n g i n t e r ­
p r e t a t i o n : l e t G be t h e n e t g r o w t h of a s s e t s of a l l f i r m s i n c o n s i d e r a t i o n 
d u r i n g some p e r i o d , and l e t g be t h a t p a r t of t h e n e t g r o w t h a t t r i b u t a b l e 
t o new f i r m s ; i . e . , f i r m s t h a t have r e a c h e d t h e minimum s i z e d u r i n g t h e 
p e r i o d . I t can b e shown t h a t 
-—i-r- = — i — , where <x = g/G 
1-g/G 1 - Oi ' & / 
T h u s , i f g/G = 0 . 1 , new f i r m s a c c o u n t f o r 10 p e r c e n t of t h e g rowth i n 
a s s e t s i n t h e i n d u s t r y . I n t h e l i m i t a s t h e c o n t r i b u t i o n of new f i r m s t o 
t o t a l g rowth a p p r o a c h e s z e r o , p a p p r o a c h e s 1 . 
Simon and B o n i n i (21 ) u s e d t h e model t o c a l c u l a t e t h e s i z e d i s t r i ­
b u t i o n of t h e 500 l a r g e s t f i r m s i n t h e U n i t e d S t a t e s i n 1 9 5 6 , o b t a i n i n g 
good r e s u l t s . A v a l u e of g/G was 0 . 2 3 , o r , 1 8 . 7 p e r c e n t of t h e g r o w t h i n 
a s s e t s of t h e Amer i can f i r m s was a c c o u n t e d f o r b y new f i r m s . 
Even more i n t e r e s t i n g , t h e model was u s e d t o d e t e r m i n e t h e minimum 
e f f i c i e n t f e a s i b l e p l a n t s i z e of some i n d u s t r i e s . The p r o c e d u r e was t h i s : 
i f t h e r e i s a s h a r p i n c r e a s e i n u n i t c o s t s be low some c r i t i c a l s i z e , Pm, 
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t h e number of p l a n t s i n t h e i n d u s t r y be low t h a t s i z e s h o u l d b e l e s s t h a n 
t h e number p r e d i c t e d from t h e Yule p r o c e s s . So t h e y p l o t t e d c u m u l a t i v e 
numbers of p l a n t s a g a i n s t s i z e on l o g p a p e r and l o o k e d f o r s h a r p b e n d s 
from a s l o p e a p p r o x i m a t i n g - 1 t o a lower s l o p e . (See F i g u r e 3 . ) Census 
d a t a f o r number of employees was u s e d and c o n v e r t e d t o p e r c e n t of t o t a l 
v a l u e added by t h e m a n u f a c t u r e r . 
I n a l a t e r p a p e r t h a t c o u l d b e c o n s i d e r e d a s a c o n t i n u a t i o n of t h e 
p r e c e d i n g , Simon and I j i r i (13) d e m o n s t r a t e t h e g o o d n e s s of u s e of s t o ­
c h a s t i c mode l s t o p r e d i c t t h e s i z e d i s t r i b u t i o n of f i r m s i n a g i v e n i n d u s ­
t r y . They o b s e r v e t h e p r o b l e m s of t e s t i n g s t a t i s t i c a l l y t h e g o o d n e s s of 
f i t of t h e s t o c h a s t i c m o d e l s . I n t h e c a s e of t h e s i z e d i s t r i b u t i o n of 
f i r m s , f o r i n s t a n c e , t h e o b s e r v e d d i s t r i b u t i o n l o o k s l i k e l o g - n o r m a l Yule 
o r P a r e t o d i s t r i b u t i o n s , b u t t h e r e i s no known s a t i s f a c t o r y way t o o b ­
j e c t i f y t h e d e g r e e of r e s e m b l e n c e . C o n s e q u e n t l y , t h e c o n f i d e n c e i n t h e 
p r o p o s e d s t o c h a s t i c e x p l a n a t i o n of s i z e d i s t r i b u t i o n may depend q u i t e as 
much on how p l a u s i b l e we f i n d t h e a s s u m p t i o n s u n d e r l y i n g t h e models a s 
on t h e j u d g m e n t s of t h e g o o d n e s s of f i t . Even i f t h e a s s u m p t i o n s made 
a r e somewhat u n r e a l i s t i c , i t i s t o be e x p e c t e d t h a t t h e s t o c h a s t i c model 
w i l l s t i l l g i v e c o n s i s t e n t r e s u l t s . To p r o v e t h i s h y p o t h e s i s , Simon (13 ) 
assumes a g a i n t h e same s t o c h a s t i c model d e s c r i b e d i n t h e p r e c e d i n g p a g e s , 
b u t t h e f i r s t a s s u m p t i o n i s c h a n g e d . The change i n s i z e of each f i r m i s 
g o v e r n e d by a s t o c h a s t i c p r o c e s s , w h i c h depends n o t o n l y on t h e s i z e t o 
w h i c h t h e f i r m h a s grown b u t a l s o on t h e t i m e s a t wh ich i t s g r o w t h t o o k 
p l a c e . 
F o r s i m p l i c i t y t h e y assume g r o w t h t o o k p l a c e i n i n c r e m e n t s of u n i t 
m a g n i t u d e . The p r o b a b i l i t y t h a t a f i r m w i l l e x p e r i e n c e an i n c r e m e n t i n 
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I n d u s t r y -
B a i n E s t i m a t e 
a s P e r c e n t 
of N a t i o n a l 
Marke t 
E s t i m a t e from 
Census Da ta by 
Yu le D i s t r i b u ­
t i o n a s P e r c e n t of 
T o t a l Va lue Added. 
by M a n u f a c t u r e 
F l o u r and m i l l i n g 0 . 0 5 t o 0 . 2 5 0 . 0 7 t o 0 . 1 9 
F o o t w e a r no minimum 0 . 0 3 t o 0 . 0 7 
Canned f r u i t s and v e g e t a b l e s no minimum 0 . 0 6 t o 0 . 1 1 
Cement O.k t o 0 . 7 0.1k t o 0 . 5 ^ 
D i s t i l l e d l i q u o r s ( e x c e p t Brandy) 0 . 2 t o 0 . 3 0 . 0 3 t o 0 . 1 1 
P e t r o l e u m r e f i n i n g O.k t o 0 . 9 0 . 1 2 t o 0 . 3 ^ 
Meat p a c k i n g no minimum 0 . 3 t o 0 . 7 
Rubber t i r e s and t u b e s 0 . 3 5 t o 0 . 7 1 .6 t o 5 . 5 
Rayon 1.0 t o 3 . 0 0.1k t o 0 . 3 7 
Soap and g l y c e r i n 0 . 2 t o 0 . 3 0 . 0 3 t o 0 . 1 1 
C i g a r e t t e s 1 .0 o r l e s s 0 . 0 8 t o 2 . 0 
F o u n t a i n p e n s and m e c h a n i c a l p e n c i l s 1 .3 t o 2 . 5 0 . 0 6 t o 0 . 1 6 
T y p e w r i t e r s 5 . 0 5 . 7 t o lk.1 
F i g u r e 3 . E s t i m a t e of Minimum F e a s i b l e P l a n t S i z e ( 2 l ) 
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s i z e d u r i n g t h e n e x t t i m e p e r i o d i s assumed p r o p o r t i o n a l t o a w e i g h t e d 
sum of t h e i n c r e m e n t s i t h a s e x p e r i e n c e d i n t h e p a s t , where t h e w e i g h t 
of an i n c r e m e n t d e c r e a s e s g e o m e t r i c a l l y a t a r a t e S, w i t h t h e l a p s e of 
t i m e s i n c e i t s o c c u r r e n c e . I n o t h e r w o r d s , l e t X . ( T ) be t h e change i n 
J 
t h t h s i z e of t h e j f i r m d u r i n g t h e t t i m e i n t e r v a l , where X . ( T ) i s e i t h e r 
J 
u n i t y o r z e r o . The f i r m e i t h e r e x p e r i e n c e s a u n i t i n c r e m e n t i n s i z e or 
r e m a i n s t h e same s i z e d u r i n g any g i v e n t i m e i n t e r v a l . Then t h e s i z e of 
t h e j ^ * 1 f i r m a t t h e end of t h e t ^ i n t e r v a l i s s i m p l y 
The e x p e c t e d i n c r e m e n t i n s i z e of t h e j f i r m d u r i n g ( t + l ) i n t e r v a l 
i s 
where K ( t ) i s a f u n c t i o n of t i m e t h a t i s t h e same f o r a l l f i r m s , and (3 i s 
t h e f r a c t i o n t h a t d e t e r m i n e s how r a p i d l y t h e i n f l u e n c e of p a s t g rowth on 
new g r o w t h d r o p s o u t . I t s h o u l d b e n o t e d t h a t t h i s model does n o t a d m i t 
m e r g e r s o r d e c r e a s e s i n s i z e of i n d i v i d u a l f i r m s . But a s t h e a u t h o r s 
s u s t a i n t h e p r o b a b i l i t i e s of merge r or d e c l i n i n g s i z e a r e r o u g h l y i n d e ­
p e n d e n t of t h e s t r a t u m , t h e y w i l l n o t change much t h e e q u i l i b r i u m d i s t r i ­
b u t i o n s . Under t h e s e a s s u m p t i o n s l a r g e r f i r m s w i l l grow p r o p o r t i o n a t e l y 
more r a p i d l y t h a n s m a l l f i r m s . On t h e o t h e r h a n d , f i r m s t h a t have e x p e r i ­
enced r e c e n t g r o w t h w i l l grow more r a p i d l y t h a n f i r m s of t h e same s i z e 
t 
T = 1 
t 
W. = P r o b [ X . ( t + l ) = l ] = K ( t ) Y X ( T ) $ 
1 1 
whose g rowth t o o k p l a c e e a r l i e r . 
The model a l s o assumes a c o n s t a n t p r o b a b i l i t y ex t h a t new f i r m s 
e n t e r a t an e x p e c t e d r a t e p r o p o r t i o n a l t o t h e r a t e of g r o w t h of t h e 
i n d u s t r y . 
The r u n n i n g s i m u l a t i o n of t h e model t h e a u t h o r s found t h a t t h e 
e q u i l i b r i u m d i s t r i b u t i o n f u n c t i o n t h e model g e n e r a t e d c l o s e l y r e s e m b l e d 
t h e Yule d i s t r i b u t i o n , a l t h o u g h t h e mode l i n c o r p o r a t e d a s i g n i f i c a n t 
m o d i f i c a t i o n of t h e law of p r o p o r t i o n a t e g r o w t h . 
Simon and I j i r i (13 ) c o n c l u d e t h a t t h e b e h a v i o r of t h e new model 
i s c o n s i s t e n t w i t h e m p i r i c a l o b s e r v a t i o n s and e x h i b i t s a g r e a t s e r i a l 
c o r r e l a t i o n i n t h e s i z e c h a n g e s of i n d i v i d u a l f i r m s . A l s o , t h e y p o i n t 
o u t "how a s t o c h a s t i c p r o c e s s t h a t a d m i t s t h i s v e r y s t r o n g e f f e c t of r e ­
c e n t g r o w t h i n t h e d e t e r m i n a n t s of f u t u r e g r o w t h s t i l l p r o d u c e s t h e 
f a m i l i a r k i n d of e q u i l i b r i u m d i s t r i b u t i o n s . " ( 2 1 ) . T h i s i s t h e r e a s o n 
f o r t h e p l a u s i b i l i t y of a s t o c h a s t i c e x p l a n a t i o n f o r o b s e r v e d d i s t r i b u t i o n 
of f i r m s i z e s . 
Hymer and P a s h i a g a n ( 1 8 ) , a f t e r an e m p i r i c a l s t u d y wh ich c o v e r e d 
1 ,000 of t h e l a r g e s t Amer i can f i r m s i n t h e p e r i o d 19^6 t o 1955? u s e d t h e 
s i z e g r o w t h r a t e of t h e f i r m s i n an i n d u s t r y a s v a r i a b l e s t o e x p l a i n t h e 
f i r m s ' g r o w t h r a t e . 
The s i z e of f i r m s was n o t s i g n i f i c a n t a s an e x p l a n a t o r y v a r i a b l e , 
w h i l e t h e i n d u s t r y g r o w t h r a t e h a d a p o s i t i v e t h o u g h weak, e f f e c t ; i n 
o t h e r w o r d s , a c o n f i r m a t i o n of t h e law of p r o p o r t i o n a t e g r o w t h . 
A l t h o u g h no s y s t e m a t i c r e l a t i o n s h i p was found be tween t h e f i r m 
s i z e and mean g r o w t h r a t e , an i n v e r s e r e l a t i o n s h i p was o b s e r v e d b e t w e e n 
s i z e and t h e s t a n d a r d d e v i a t i o n i n g r o w t h r a t e s . The s m a l l e r v a r i a b i l i t y 
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i n t h e g r o w t h r a t e s of l a r g e f i r m s i s due p r o b a b l y , t h e y s a y , t o t h e i r 
g r e a t e r d i v e r s i f i c a t i o n . That i s t o s a y , t h e y may b e m e r e l y a c o l l e c t i o n 
of s e v e r a l s m a l l e r i n d e p e n d e n t f i r m s . I f t h i s happens t h e s t a n d a r d d e v i a ­
t i o n of t h e g r o w t h r a t e s of t h e l a r g e r f i r m s wou ld b e l/*J N t i m e s t h e 
s t a n d a r d d e v i a t i o n of t h e g r o w t h r a t e s of t h e s m a l l e r f i r m s , where "N" i s 
t h e number of f i r m s r e q u i r e d t o make up a l a r g e f i r m . The p r e d i c t e d 
s t a n d a r d d e v i a t i o n on t h e a s s u m p t i o n s of i n d e p e n d e n c e a p p r o x i m a t e s t h e 
o b s e r v e d s t a n d a r d d e v i a t i o n s f o r f i r m s w i t h l e s s t h a n 20 m i l l i o n d o l l a r s 
i n a s s e t s . Beyond t h i s s i z e t h e a c t u a l s t a n d a r d d e v i a t i o n s f o r f i r m s e x ­
c e e d e d t h e p r e d i c t e d s t a n d a r d d e v i a t i o n s , i n d i c a t i n g t h a t t h e a d v a n t a g e s 
of d i v e r s i f i c a t i o n d i m i n i s h a s s i z e of f i r m s i n c r e a s e s . 
T. Y. Shen (19 ) h a n d l e s t h e p r o b l e m of g r o w t h on s i z e d i s t r i b u t i o n 
of f i r m s combin ing b o t h s t o c h a s t i c p r o c e s s and economic t h e o r y . He s t a t e s 
t h a t f i r m s h a v e l i t t l e t e n d e n c y t o become more c o n c e n t r a t e d i n any p a r t i c u ­
l a r s i z e c l a s s . T h i s c a n o n l y mean t h a t f i r m s a r e n o t o p e r a t i n g u n d e r c o n ­
d i t i o n s of l o n g - r u n s t a t i c e q u i l i b r i u m c o s t - c u r v e s and t h a t t h e c o n c e p t of 
o p t i m a l s c a l e c a n n o t be u s e d t o e x p l a i n t h e a c t u a l s i z e d i s t r i b u t i o n and 
g r o w t h p a t t e r n s of f i r m s . 
I f t h e s t o c h a s t i c models may g i v e a s a t i s f a c t o r y s t a t i o n a r y d i s t r i b u ­
t i o n of t h e p r o c e s s d e s c r i b i n g g rowth of f i r m s , t h i s g rowth o n l y can 
be e x p l a i n e d by such f a c t o r s a s economies of s c a l e , economies of 
g r o w t h ( 1 7 ) ? p r o f i t m a r g i n v a r i a t i o n s , and o t h e r dynamic f a c t o r s . ( 19 ) 
The a p p r o p r i a t e f rame of r e f e r e n c e f o r an o p t i m a l d i s t r i b u t i o n of 
s i z e of f i r m s , he s a y s , i s t h e e x p a n s i o n p a t h o r s c a l e p a t h . The p a t h 
may b e r e g a r d e d a s r e p r e s e n t i n g t h e b a s i c m a n u f a c t u r i n g a c t i v i t y of an i n ­
d u s t r y . F i r m s c l u s t e r a r o u n d t h i s p a t h and t h e i r s i z e s a r e g i v e n by 
t h e i r p o s i t i o n s on t h e p a t h . The s i z e d i s t r i b u t i o n of f i r m s i s t h e r e f o r e 
13 
d e f i n e d w i t h r e s p e c t t o t h i s p a t h . S i m i l a r l y , from one p e r i o d t o t h e n e x t 
t h e g r o w t h of t h e f i r m s i s g i v e n b y t h e i r movement a l o n g t h e p a t h . 
Shen b u i l t a model t o i n v e s t i g a t e t h e e x t e n t of economies of s c a l e 
a l o n g t h e e x p a n s i o n p a t h f o r some m a n u f a c t u r i n g i n d u s t r i e s and t h e r e l a ­
t i o n s h i p s be tween economies of s c a l e and t h e g r o w t h p a t t e r n of p l a n t s . 
The main h y p o t h e s i s he made i s t h a t w i t h a g i v e n e x p a n s i o n p a t h - - o r g i v e n 
r e t u r n t o s c a l e - - a l l t h e p l a n t s t e n d t o expand a t t h e same r a t e . The 
s t r i c t form of t h e law of p r o p o r t i o n a t e g r o w t h i s assumed and a l s o t h e 
l o g - n o r m a l d i s t r i b u t i o n of f i r m s i s s t a t e d . He a l s o assumes t h a t when a 
s h i f t i n t h e e x p a n s i o n p a t h t a k e s p l a c e t h e r e i s a l s o a change i n r e t u r n 
t o s c a l e a l o n g t h e p a t h . The change i n r e t u r n t o s c a l e r e s u l t s i n a 
d i f f e r e n t i a l r a t e of g r o w t h f o r f i r m s of d i f f e r e n t s i z e s , u n t i l a new 
e q u i l i b r i u m l o g - n o r m a l d i s t r i b u t i o n i s e s t a b l i s h e d . I t s h o u l d b e n o t e d 
t h a t S h e n ' s model p r o d u c e d good r e s u l t s when a p p l i e d i n t h e r e a l w o r l d . 
Adelman ( l ) f a c e s t h e i s s u e of t h e g r o w t h o f f i r m s i n a g i v e n i n ­
d u s t r y i n a v e r y o r i g i n a l way. She s a y s t h a t t h e f o r c e s d e t e r m i n i n g t h e 
g r o w t h and t h e d i s t r i b u t i o n of s i z e of f i r m s w i t h i n a p a r t i c u l a r i n d u s t r y 
a r e so v a r i e d and complex t h a t any t h e o r e t i c a l a t t e m p t t o p o r t r a y t h e 
e f f e c t s of t h e i r i n t e r a c t i o n s 
must b e of n e c e s s i t y e i t h e r d r a s t i c a l l y s i m p l i f i e d or e l s e h o p e l e s s l y 
c o m p l i c a t e d . T h e r e f o r e , i t i s b e t t e r t o assume t h a t t h e g r o w t h p a t t e r n 
of f i r m s i s a s i z e - d e p e n d e n t s t o c h a s t i c p r o c e s s w i t h p r o b a b i l i t i e s of 
t r a n s i t i o n c o n s t a n t i n t i m e , ( l ) 
She assumes t h a t t h e f i r m s w h i c h c o m p r i s e a n i n d u s t r y a r e g r o u p e d a c c o r d ­
i n g t o some c r i t e r i o n of s i z e i n t o a number of c l a s s e s , and a l s o assumes 
t h a t t h e g r o w t h o r e v o l u t i o n of a f i r m t h r o u g h t h e s e c l a s s e s i s a s t o c h a s ­
t i c p r o c e s s i n w h i c h t h e p r o b a b i l i t y p e r u n i t t i m e of movement from one 
Ik 
g r o u p t o a n o t h e r i s a f u n c t i o n o n l y of t h e two g r o u p s i n v o l v e d . T h a t i s 
t o s a y , t h e p r o b a b i l i t y t h a t a f i r m w i l l advance a g i v e n number of s t e p s 
d u r i n g a p e r i o d depends o n l y upon i t s s i z e a t t h e b e g i n n i n g of t h e p e r i o d 
and t h e number of s t e p s i n v o l v e d , and i s i n d e p e n d e n t of t h e p r e v i o u s 
h i s t o r y of t h e f i r m . T h e r e f o r e , t h e g r o w t h of a f i r m i s s t a t i s t i c a l i n 
n a t u r e w i t h a b s o l u t e s i z e a s d e t e r m i n a n t of d e v e l o p m e n t . Under t h e s e 
c i r c u m s t a n c e s , and u s i n g t h e t h e o r y of Markov c h a i n s ( 9 ) one a r r a n g e s t h e 
t r a n s i t i o n p r o b a b i l i t y i n t o a s q u a r e m a t r i x upon a v e c t o r wh ich r e p r e s e n t s 
t h e s t r u c t u r e of t h e i n d u s t r y a t t h e b e g i n n i n g of one p e r i o d ; i t i s p o s s i ­
b l e t o d e r i v e t h e s t r u c t u r e of t h e n e x t t i m e i n t e r v a l . I f t h e p r o c e s s i s 
r e p e a t e d i n d e f i n i t e l y i t l e a d s t o a v e c t o r wh ich d e s c r i b e s t h e e q u i l i b r i u m 
s t a t e . 
I n o r d e r t o p r o v i d e f o r e n t r y i n t o and d e p a r t u r e from t h e i n d u s t r y , 
Adelman adds t o t h e "n" s i z e c l a s s e s a l a r g e a d d i t i o n a l g roup which a c t s 
a s a r e s e r v o i r of p o t e n t i a l e n t r a n t s i n t o t h e s y s t e m , and a s s i g n s a s t h e 
t h t h p r o b a b i l i t y of moving from t h i s z e r o g r o u p t o , s a y , t h e j g roup a v a l u e 
j u s t s i g n i f i c a n t enough t o make t h e a v e r a g e number of f i r m s e n t e r i n g t h e 
j ^ h c l a s s p e r y e a r c o r r e s p o n d t o t h e a c t u a l number of new f i r m s s t a r t e d 
a n n u a l l y i n t h e a p p r o p r i a t e s i z e r a n g e . S i m i l a r l y , t h e f a i l u r e of a f i r m 
t h 
w i l l b e r e p r e s e n t e d a s a movement i n t o t h e z e r o c l a s s . M a t h e m a t i c a l l y 
s p e a k i n g , t h e r e i s a t r a n s i t i o n p r o b a b i l i t y m a t r i x 
[ P ] = 
p o o ' p o i ' 
p i o ' p n ' 
p p 




. . , P 
mm 
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i n which a l l P . . a r e n o n - n e g a t i v e and 
m 
^ P = 1 f o r a l l i ( 9 ) 
0=0 
where P . . d e n o t e s t h e p r o b a b i l i t y t h a t a f i r m i n s i z e c l a s s " i " w i l l e n t e r 
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t h e g r o u p " j " d u r i n g t h e n e x t p e r i o d . Fo r i n s t a n c e , P,> w i l l s t a n d f o r 
t h e p r o b a b i l i t y t h a t d u r i n g a u n i t of t i m e a f i r m i n s i z e r a n g e " 2 " w i l l 
go o u t of b u s i n e s s f o r any r e a s o n w h a t s o e v e r , [ p ] i s a s t o c h a s t i c m a t r i x 
so i t may be assumed t h a t a l l t h e s t a t e s a r e a c c e s s i b l e and t h a t an e q u i ­
l i b r i u m s o l u t i o n t o t h e p r o c e s s e x i s t s ( 9 ) . 
S y m b o l i c a l l y , i f t h e s t r u c t u r e of an i n d u s t r y i s d e s c r i b e d by a 
row v e c t o r 
where t h e components of w h i c h r e p r e s e n t t h e p r o p o r t i o n of f i r m s i n e a c h 
c l a s s a t t i m e " n " , t h e c o n f i g u r a t i o n a f t e r t h e n e x t s t e p may be found from 
S i - ( s " ) [ P ] , (9 ) 
and by s u c c e s s i v e s u b s t i t u t i o n s one may w r i t e 
( s ° ) D ? f + 1 = s n + 1 
and t h e e q u i l i b r i u m v e c t o r c o u l d b e found by m u l t i p l y i n g [P ] t i m e s i t s e l f 
a l a r g e number of t i m e s . However , a s i m p l e r a p p r o a c h i s t o make u s e of 
t h e f a c t t h a t i n e q u i l i b r i u m t h e d i s t r i b u t i o n s of f i r m s among t h e s t a t u m 
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must be i n v a r i a n t . F o r t h e e q u i l i b r i u m v e c t o r , t . , t h e f o l l o w i n g c o n d i -
3 
t i o n i s o b s e r v e d : 
( O = ( t . ) [ P ] , (9) 
J J 
whe re t . r e p r e s e n t s a r e l a t i v e d i s t r i b u t i o n of t h e s i z e of t h e f i r m s i n a 
3 
g i v e n i n d u s t r y . S o : 
m 
The mean l i f e t i m e L . of a c o r p o r a t i o n i n t h e j ^ * 1 s t r a t u m may be c a l c u -
3 
l a t e d by n o t i n g t h a t t h e t o t a l t i m e s p e n t i n an i n t e r v a l b y a l l t h e S . 
3 
f i r m s o r i g i n a l l y i n c l u d e d t h e r e i n i s g i v e n by 
T . = S ° + S ° p . . + s ° p 2 . + . . . 
3 3 3 33 3 33 
T h e r e f o r e , t h e o r i g i n a l f i r m w i l l r e m a i n i n t h e l e v e l f o r a p e r i o d , 
T i 2 L . = — = 1 + P . . + P . . + . . 
s ° " J J 
The t r a n s i t i o n p r o b a b i l i t i e s P . . c a n b e c a l c u l a t e d a s t h e a u t h o r s u g g e s t s 
i j 
I f A. . r e p r e s e n t s t h e number of movements of f i r m s from c l a s s " i " t o 
c l a s s " j " t h r o u g h t h e p e r i o d u n d e r c o n s i d e r a t i o n , our t r a n s i t i o n p r o b a ­
b i l i t i e s P . . become 
A. . 




f o r a l l i . The a u t h o r u s e s t h e model t o p r e d i c t t h e s t r u c t u r e and g r o w t h 
of t h e s t e e l i n d u s t r y w i t h s a t i s f a c t o r y r e s u l t s . 
U s i n g a s i m i l a r a p p r o a c h , C o l l i n s and P r e s t o n (7 ) s t u d i e d t h e 
s t r u c t u r e of t h e 100 b i g g e s t compan ies i n t h e U n i t e d S t a t e s and t h e 
g r o w t h of t h e food p r o c e s s i n g i n d u s t r y i n t h e p e r i o d 1935 t o 1955 ( 8 ) . 
F i n a l l y , M a n s f i e l d (15 ) u s e d s t o c h a s t i c p r o c e s s e s i n t h e p e t r o l e u m and 
r u b b e r i n d u s t r y . 
B i o l o g i c a l Models f o r S o c i a l O r g a n i z a t i o n s 
The s e a r c h f o r an u n d e r s t a n d i n g of t h e g r o w t h of o r g a n i z a t i o n s n o t 
o n l y h a s t a k e n i t s b a s e s on economic and s o c i a l p r i n c i p l e s , b u t on t h e 
s i m i l a r i t i e s w i t h l i v i n g o r g a n i s m s . P a r t i c u l a r l y s y s t e m s t h e o r y a p p r o a c h e s 
have g i v e n p l a c e t o t h i s way of s t u d y i n g t h e g r o w t h of t h e f i r m s . As we 
know, s y s t e m s t h e o r y t r i e s t o l o o k f o r g e n e r a l phenomena w h i c h can be 
found i n many f i e l d s and s e e k s t o b u i l d up a g e n e r a l t h e o r e t i c a l model 
r e l e v a n t t o t h e s e phenomena ( 3 ) . 
U s i n g t h i s a p p r o a c h , many i n v e s t i g a t i o n s have t r i e d t o t a k e t h e 
w e l l - k n o w n and more o r l e s s s t u d i e d p r o b l e m of g r o w t h of l i v i n g o r g a n i s m s 
and s e e i f we can a p p l y them i n s i m i l a r f a s h i o n t o s o c i a l o r g a n i s m s (h). 
T h e r e i s an e x t e n s i v e l i t e r a t u r e i n t h i s f i e l d , most of i t t r y i n g t o e x ­
p l a i n some a n a l o g i e s b e t w e e n t h e f i r m and t h e l i v i n g o r g a n i s m s . 
M a r s h a l l ( 2 2 ) , p r o b a b l y t h e b e s t known i n t h i s m a t t e r , a s s i m i l a t e s 
t h e l i f e c y c l e i n w h i c h a p p e a r a n c e , g r o w t h , and d i s a p p e a r a n c e of f i r m s a r e 
l i k e n e d t o t h e p r o c e s s e s of b i r t h , g r o w t h , and d e a t h of b i o l o g i c a l o r ­
g a n i s m s . 
More r e c e n t l y t h e v i a b i l i t y a n a l o g y (2) and t h e h o m e o s t a s i s a n a l o g y (3 ) 
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have b e e n p r e s e n t e d and d e s i g n e d t o e x p l a i n t h e b e h a v i o r of t h e f i r m . 
B o t h a r e s u p p o s e d t o r e p r e s e n t improvements on t h e e x i s t i n g t h e o r y of t h e 
f i r m a t t h e c o r e of which l i e s t h e c h i e f t a r g e t of a t t a c k : t h e a s s u m p t i o n 
t h a t t h e f i r m a t t e m p t s t o maximize p r o f i t s . 
Wi th t h e i n c r e a s i n g c o n c e r n f o r p r o b l e m s of c h a n g e , g r o w t h and 
d e v e l o p m e n t , i n v e s t i g a t o r s have t u r n e d t o b i o l o g y , t h e s c i e n c e most c o n ­
c e r n e d w i t h d e v e l o p m e n t , a s a s o u r c e of a p p r o p r i a t e models t o a p p l y t o 
s o c i a l o r g a n i z a t i o n s . The g r o w t h model f o r s o c i a l o r g a n i z a t i o n s can b e 
f o r m u l a t e d by l o o k i n g f o r l a w f u l p r o c e s s i n o r g a n i z a t i o n a l g r o w t h g r o u n d e d 
i n f a c t o r s i n s i d e t h e forms and f o r c e s s h a p i n g i t a s i t g r o w s . They have 
a l s o r e s t a t e d i n s p e c i f i c t e r m s t h e i n t e r d e p e n d e n c e of s i z e , s h a p e , and 
f u n c t i o n of a n o r g a n i z a t i o n and found t h r o u g h e m p i r i c a l d a t a how t h e 
o r g a n i z a t i o n h a s g rown, t h u s d e t e r m i n i n g t h e b a l a n c e be tween t h e f i r m and 
i t s e n v i r o n m e n t ( 1 2 ) . Based on t h i s s t a t e m e n t , Mason H a i r e (12) p r o p o s e d 
a b i o l o g i c a l model a s means of u n d e r s t a n d i n g t h e g rowth and form of t h e 
f i r m . 
The Sys tem A p p r o a c h 
I n d e a l i n g w i t h g r o w i n g o r g a n i z a t i o n s we can s e e t h a t l i m i t a t i o n s 
come from t h e s i z e and shape f u n c t i o n . As t h e o r g a n i z a t i o n grows i t s 
i n t e r n a l s h a p e must c h a n g e . A d d i t i o n a l f u n c t i o n s of c o o r d i n a t i o n , c o n ­
t r o l , and communica t ion must b e p r o v i d e d . U s i n g t h e s i m i l a r i t y w i t h a 
l i v i n g o r g a n i s m we can s e e t h a t a s t h e s i z e of t h e f i r m i n c r e a s e s t h e 
s k e l e t a l s t r u c t u r e needed t o s u p p o r t i t a g a i n s t t h e f o r c e s t e n d i n g t o 
d e s t r o y i t grows f a s t e r t h a n t h e s i z e of t h e f i r m i t s e l f . As t h i s s i t u a ­
t i o n w i l l consume a d i s p r o p o r t i o n a t e amount of t h e p r o d u c t i v e c a p a c i t y of 
t h e o r g a n i z a t i o n , i t i s i m p o r t a n t t o i d e n t i f y t h e s k e l e t a l s u p p o r t of t h e 
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f i r m , t h e f o r c e s i t r e s i s t s , and t h e r a t e s a t wh ich t h e s u p p o r t must grow ( 1 2 ) . 
The way H a i r e f a c e d t h i s p r o b l e m was b y s t u d y i n g t h e h i s t o r y of g r o w t h 
of s e v e r a l f i r m s and i n f e r r i n g t h e o p e r a t i n g f o r c e s from t h e d i r e c t i o n of 
c h a n g e s i n s h a p e and f u n c t i o n of s i z e c h a n g e . 
H a i r e p r o p o s e d t h e " s q u a r e - c u b e " law a s a d e s c r i p t i o n of t h e g r o w t h 
of t h e f i r m s . Such a law h a s b e e n u s e d a s an a p p l i c a t i o n of t h e e n v i r o n ­
m e n t a l f o r c e s t o o r g a n i s m s . The " s q u a r e - c u b e " law s t a t e s t h a t t h e mass 
grows by a cube f u n c t i o n w h i l e s u r f a c e grows by a s q u a r e f u n c t i o n . 
I f one we re t o t a k e t h e cube r o o t of t h e volume and t h e s q u a r e r o o t 
of t h e a r e a and p l o t them f o r d i f f e r e n t s t a g e s of g r o w t h , t h e r e s u l t would 
be a s t r a i g h t l i n e from t h e o r i g i n w i t h a s l o p e of 1 . As t h e cube r o o t of 
t h e mass d o u b l e s , t h e s q u a r e r o o t of t h e s u r f a c e d o u b l e s . H a i r e measu red 
s u r f a c e and volume of t h e i n d u s t r i a l f i r m by t h e number of p e o p l e who i n ­
h a b i t t h e s e two a r e a s . Volume i n t h i s s e n s e r e f e r s t o employees d e a l i n g 
w i t h t h e f i r m ' s i n t e r n a l f u n c t i o n s , e . g . , a c c o u n t a n t s . S u r f a c e r e f e r s t o 
employees d e a l i n g w i t h t h e f i r m ' s e x t e r n a l e n v i r o n m e n t , e . g . , s a l e s , p u r ­
c h a s i n g . H a i r e s t u d i e d l o n g i t u d i n a l d a t a on f o u r f i r m s and d i s c o v e r e d 
t h a t t h e p l o t s of t h e cube r o o t of t h e volume and t h e s q u a r e r o o t of t h e 
s u r f a c e i n d i c a t e d r e m a r k a b l y h i g h c o r r e l a t i o n c o e f f i c i e n t s : 0 . 99? 0 .95? 
O . 9 6 , and 0 . 9 7 . Two d e v i a t i o n s of t h e t h e o r e t i c a l c u b e - s q u a r e law were 
n o t i c e d . F i r s t , t h a t t h e i n t e r c e p t i o n of t h e o r d i n a t e a l l o w s f o r z e r o 
s u r f a c e and some m a s s , and i m p o s s i b i l i t y i n p h y s i c a l g e o m e t r y . S e c o n d , 
t h a t t h e s l o p e s f o r t h i s c a s e were a l l p o s i t i v e , r a n g i n g from 0 . 5 0 t o 0 .97? 
b u t f e l l s h o r t of t h e u n i t y p r e d i c t e d by t h e c u b e - s q u a r e l a w . H a i r e c o n ­
c l u d e s t h a t t h e s e d e v i a t i o n s a r e p e r h a p s due t o t h e a r b i t r a r y d e f i n i t i o n s 
of mass and s u r f a c e , or b e c a u s e a s p e c i a l c h a r a c t e r i s t i c a p p l y i n g t o 
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s o c i a l o r g a n i s m s e x i s t s and t h e p r i n c i p l e s do n o t a p p l y r i g o r o u s l y . How­
e v e r , t h e r e g u l a r i t y w i t h wh ich t h e d a t a f i t a s i m p l e e x p r e s s i o n d e r i v e d 
from a g e o m e t r i c a l model s t r e n g t h e n e d t h e p o s s i b i l i t y of an e v e n t u a l 
r e p r e s e n t a t i o n of s o c i a l g r o u p s i n a u s e f u l g e o m e t r y a l l o w i n g c h a n g e s i n 
shape and g r o w t h t o b e s e e n , and from t h i s , making i t p o s s i b l e t o i n f e r 
t h e s i z e and d i r e c t i o n of t h e f o r c e s a s s o c i a t e d w i t h o r g a n i z a t i o n e x p a n s i o n . 
C o n t i n u i n g t h e work of H a i r e , Levy (lh) a p p l i e d t h e c u b e - s q u a r e law 
t o a n a l y s i s of t h e a i r c r a f t , c h e m i c a l , d r u g , f o o d , e l e c t r i c , and e l e c t r o n i c s 
i n d u s t r i e s . He s t a t e s t h a t t h e l i n e a r i t y of t h e c u b e - s q u a r e law found by 
H a i r e s u g g e s t s t h a t t h e e n v i r o n m e n t f o r any f i r m r e m a i n s r e l a t i v e l y c o n ­
s t a n t i n t e r m s of t h e o r g a n i z a t i o n a l p a t t e r n t h a t must b e m a i n t a i n e d or 
e x t e n d e d i n o r d e r t o b e s u c c e s s f u l i n t h a t e n v i r o n m e n t . I f t h i s i s t h e 
c a s e , t h e n a c r o s s - s e c t i o n a n a l y s i s of t h e f i r m s b e l o n g i n g t o r e a s o n a b l y 
homogeneous i n d u s t r y g r o u p i n g s wh ich s h a r e a common e n v i r o n m e n t s h o u l d 
s i m i l a r l y d i s p l a y a l i n e a r r e l a t i o n s h i p b e t w e e n t h e cube r o o t of t h e volume 
( i n s i d e e m p l o y e e s ) and t h e s q u a r e r o o t of t h e s u r f a c e ( o u t s i d e e m p l o y e e s ) . 
Levy (1*0 a n a l y z e d d a t a o b t a i n e d on s i x t y - t w o f i r m s i n n i n e i n d u s t r y 
g r o u p s . Each o c c u p a t i o n a l c a t e g o r y was a s s i g n e d e i t h e r i n s i d e - v o l u m e or 
o u t s i d e - s u r f a c e of t h e f i r m . F o r e x a m p l e , m a r k e t i n g , p r o c u r e m e n t , and 
r e c e p t i o n i s t employees d e a l w i t h t h e e x t e r n a l e n v i r o n m e n t . C o n v e r s e l y , 
r e s e a r c h , p e r s o n n e l , and p r o d u c t i o n f u n c t i o n s a r e i n s i d e . The r e s u l t s ob­
t a i n e d by Levy a r e shown i n F i g u r e k. 
Levy c o n c l u d e s t h a t t h e c u b e - s q u a r e law i s a r e a s o n a b l e and c o n ­
s i s t e n t d e s c r i p t i o n of t h e i n d u s t r i a l o r g a n i z a t i o n a l g r o w t h among f i r m s 
of v a r y i n g s i z e i n d i f f e r e n t i n d u s t r i e s . I t i s c l e a r t h a t t h e r e l a t i o n ­
s h i p of i n s i d e t o o u t s i d e p e r s o n n e l v a r i e s s i g n i f i c a n t l y among i n d u s t r i e s , 
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and t h i s v a r i a n c e i n t u r n i s a r e f l e c t i o n of e n v i r o n m e n t a l d i f f e r e n c e s 
and t h e e f f e c t s of such e n v i r o n m e n t a l d i f f e r e n c e s on o r g a n i z a t i o n a l com­
p o s i t i o n . 
F i n a l l y , Levy was a b l e t o i s o l a t e one c h a r a c t e r i s t i c of i n d u s t r i e s 
i n r e l a t i o n t o t h e c u b e - s q u a r e law r e g r e s s i o n l i n e s s l o p e , n a m e l y , a 
p o s i t i v e c o r r e l a t i o n w i t h t h e p r o p o r t i o n of t o t a l s t a f f i n g engaged i n r e ­
s e a r c h . 
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CHAPTER I I I 
THEORETICAL MODELS OF SIZE DISTRIBUTION OF FIRMS 
REGARDED AS A STOCHASTIC PROCESS 
The f o r c e s d e t e r m i n i n g t h e d i s t r i b u t i o n of f i r m - s i z e s i n any i n ­
d u s t r y a r e so v a r i e d and complex , and i n t e r a c t and f l u c t u a t e s o c o n t i n u ­
o u s l y t h a t any t h e o r e t i c a l a p p r o a c h must e i t h e r be u n r e a l i s t i c a l l y s i m p l i ­
f i e d o r h o p e l e s s l y c o m p l i c a t e d . We s h a l l c h o o s e i n our work t h e f o r m e r 
a l t e r n a t i v e , b u t t h e n g i v e i n d i c a t i o n s t h a t t h e i n t r o d u c t i o n s of some of 
t h e more o b v i o u s c o m p l i c a t i o n s of t h e r e a l w o r l d do n o t seem t o d i s t u r b 
t h e g e n e r a l t r e n d of our c o n c l u s i o n s . We s h a l l s u p p o s e t h a t t h e f i r m s 
wh ich c o m p r i s e an i n d u s t r y can b e g r o u p e d a c c o r d i n g t o some c r i t e r i o n of 
s i z e i n t o an enumerab l e i n f i n i t y of s i z e c l a s s e s o r r a n g e s . F o r e x a m p l e , 
we m i g h t c o n s i d e r a s c r i t e r i o n f o r m e a s u r i n g t h e s i z e o f a f i r m t h e d o l l a r 
v a l u e of t h e t o t a l a s s e t s of t h e g i v e n f i r m and c h o o s e a s s i z e - r a n g e one 
m i l l i o n - t w o m i l l i o n , two m i l l i o n - f o u r m i l l i o n , f o u r m i l l i o n - e i g h t m i l l i o n , 
e t c . , a l t h o u g h a f i n e r g r a d a t i o n would b e more i n t e r e s t i n g . 
We s h a l l r e g a r d t h e d e v e l o p m e n t t h r o u g h t i m e of t h e d i s t r i b u t i o n 
of t h e f i r m ' s s i z e a s b e i n g a s t o c h a s t i c p r o c e s s so t h a t t h e s i z e of any 
f i r m i n one y e a r may depend on wha t i t was i n t h e p r e v i o u s o r b a s e y e a r 
and i n a c h a n c e p r o c e s s . 
Under such a s s u m p t i o n s any d e v e l o p m e n t of t h e d i s t r i b u t i o n of f i r m 
s i z e s c o u l d b e d e s c r i b e d i n t e r m s of t h e f o l l o w i n g v e c t o r s and m a t r i c e s : 
X r ( 0 ) , t e l l i n g u s t h e number X r ( 0 ) of f i r m s i n e a c h r a n g e R r , r = 0 , 1 , 
2 , . . . , i n t h e i n i t i a l y e a r Y , and a s e r i e s o f m a t r i c e s P r o ( t ) t e l l i n g 
2k 
u s i n each y e a r Yt t h e p r o p o r t i o n of o c c u p a n t s of R.̂  who a r e s h i f t e d t o 
r a n g e R e i n t h e f o l l o w i n g y e a r Y, + 1 . Wi th t h e s e d e f i n i t i o n s t h e s i z e 
d i s t r i b u t i o n X p ( t ) i n t h e s u c c e s s i v e y e a r s w i l l b e g e n e r a t e d a c c o r d i n g t o 
( t + 1 ) - ^ x r ( t ) P ; s ( t ) , ( 3 - D 
r = 0 
o r i n more g e n e r a l form 
x s ( t + k) = £ x r ( t ) P ^ ( t ) , ( 3 - 2 ) 
r = 0 
where p ' ( t ) i n t h i s c a s e i n d i c a t e s t h e p r o p o r t i o n of t h e o c c u p a n t s i n 
IC s 
R r who a r e s h i f t e d t o r a n g e R.g i n t h e n e x t k y e a r s . 
I f we s u p p o s e t h a t t h e f i r m ' s s i z e r a n g e s a r e p a i r e d i n o r d e r of 
s i z e - - t h e r e b e i n g a l o w e s t f i r m - s i z e r a n g e R Q - - t h e n t h e r e w i l l b e some 
a d v a n t a g e i n d e f i n i n g a new s e t of m a t r i c e s . 
P ( t ) = p ' ( t ) , ( 3 - 3 ) 
and r e w r i t i n g ( 3 - 1 ) i n t h e form 
where P ( t ) i s t h e p r o p o r t i o n i n Y^ of f i r m s i n R^ t h a t s h i f t up by 
v a r i o u s numbers p, of r a n g e s . 
The a d v a n t a g e a r i s e s from t h e f a c t t h a t i n t h e r e a l w o r l d t h e magni-
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t u d e of s u c h s h i f t s from y e a r t o y e a r i s , m o s t l y , f a i r l y l i m i t e d so t h a t 
e ach P ( t ) , r e g a r d e d a s a f r e q u e n c y d i s t r i b u t i o n i n p,, i s l i k e l y t o b e 
c e n t e r e d on [i = 0 . I n o r d e r t o s i m p l i f y t h i s model we s h o u l d l i k e t o b e 
a b l e t o assume t h a t t h e P ( t ) , r e g a r d e d a s a f r e q u e n c y d i s t r i b u t i o n i n | i , 
rp, 
d i f f e r e d v e r y l i t t l e i n form f o r v a r i a t i o n s ove r a w ide r a n g e o f v a l u e s 
of r and t . I n o t h e r w o r d s , t h a t t h e p r o s p e c t s of s h i f t s upwards and 
downwards a l o n g t h e l a d d e r of s i z e r a n g e s d i f f e r s l i t t l e b e t w e e n t h e 
o c c u p a n t s of d i f f e r e n t s i z e r a n g e s and d i f f e r s l i t t l e from y e a r t o y e a r . 
T h i s o b v i o u s l y c a n n o t a p p l y t o a l l s i z e r a n g e s . F o r e x a m p l e , i t 
i s d o u b t f u l t h a t a b i g f i r m , u n l i k e a s m a l l f i r m , w i l l be d e g r a d e d t o a 
l o w e r s i z e r a n g e i n t h e f o l l o w i n g y e a r . 
A g a i n t h e a b s o l u t e changes i n s i z e a r e l i k e l y t o b e much h i g h e r f o r 
f i r m s whose t o t a l a s s e t s a r e w o r t h one b i l l i o n d o l l a r s t h a n f o r f i r m s whose 
t o t a l a s s e t s a r e w o r t h t e n m i l l i o n d o l l a r s , so t h a t t h e r a n g e s of f i r m s i z e 
mus t have a g r e a t e r a b s o l u t e m a g n i t u d e f o r b i g t h a n f o r s m a l l s i z e f i r m s , 
i f ou r s i m p l i f i c a t i o n i s t o h a v e any p l a u s i b i l i t y . 
The c h o i c e of s i z e - r a n g e s i n wh ich we a r e g o i n g t o g r o u p t h e d i f f e r ­
e n t f i r m s w i l l b e made i n s u c h a way t h a t each r a n g e h a s e q u a l l y p r o p o r ­
t i o n a t e r a n g e s ; f o r t h e n any e f f e c t s , such a s p r i c e or m a r k e t movements , 
w h i c h we s u p p o s e a r e l i k e l y t o a l t e r s i z e p r o s p e c t s f o r w i d e l y d i f f e r e n t 
r a n g e s R and R i n a p p r o x i m a t e l y t h e same manne r , p r o p o r t i o n a t e l y , w i l l 
r g 
a f f e c t t h e v a r i o u s f u n c t i o n s P ( t ) and P ( t ) i n r o u g h l y t h e same f a s h i o n . 
T h i s a s s u m p t i o n of s i z e - f i r m r a n g e s f o l l o w s t h e s p i r i t of Adelman ( l ) 
and H a r t ( l l ) . We w i l l a l s o assume t h a t t h e f u n c t i o n s p ' ( t ) = P ( t ) 
r e m a i n s c o n s t a n t a s t c h a n g e s t h r o u g h t i m e . Of c o u r s e s u c h a s s u m p t i o n 
t a k e s u s f a r f rom r e a l i t y ; b u t i t i s a n a l o g o u s t o t h a t u s e d i n l o n g - r u n 
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c o m p a r a t i v e s t a t i c s ; t h a t t h e f o r c e s which o p e r a t e d u r i n g a p e r i o d w i l l 
c o n t i n u e unchanged u n t i l e q u i l i b r i u m i s r e a c h e d . I t i s assumed t h a t i f 
t h e t i m e p e r i o d o v e r wh ich t h e t r a n s i t i o n p r o b a b i l i t i e s a r e e v a l u a t e d i s 
s u f f i c i e n t l y l o n g , t h e u s e of t h e a p p r o x i m a t i o n may b e e x p e c t e d t o g i v e 
s a t i s f a c t o r y r e s u l t s . 
Under t h e s e c o n d i t i o n s t h e deve lopmen t of t h e d i s t r i b u t i o n o f 
f i r m - s i z e s i n a g i v e n i n d u s t r y can b e d e s c r i b e d by a s t o c h a s t i c p r o c e s s 
i n v o l v i n g i n f i n i t e m a t r i c e s , P ' ( t ) . C o n s i d e r a b l e i n t e r e s t may t h e r e f o r e 
r s 
be found i n t h e q u e s t i o n of t h e t y p e of f i r m - s i z e d i s t r i b u t i o n wh ich w i l l 
c o r r e s p o n d t o t h e r e p e a t e d o p e r a t i o n of t h e c h a n g e s r e p r e s e n t e d by any 
r e a l i s t i c form of t h e m a t r i x P ( t ) . 
r s v ' 
I t would be a g r e a t a d v a n t a g e i n c o n s t r u c t i n g mode l s of f i r m - s i z e 
d i s t r i b u t i o n i n an i n d u s t r y i f we had e m p i r i c a l e v i d e n c e a b o u t m a t r i c e s 
p ' ( t ) d e s c r i b i n g a c t u a l movements of t h e f i r m s i n modern i n d u s t r i e s , r s 7 
A Model G e n e r a t i n g a P a r e t o D i s t r i b u t i o n 
I f some c o n s i d e r a t i o n s a r e made w i t h r e s p e c t t o t h e m a t r i x P ' ( t ) 
v r s v ' 
we c o u l d o b t a i n a s t h e s t e a d y - s t a t e of t h e d i s t r i b u t i o n of s i z e s of t h e 
f i r m s i n a g i v e n i n d u s t r y t h e P a r e t o D i s t r i b u t i o n , A l t h o u g h t h e a s sump­
t i o n s of t h i s s e c t i o n do n o t c o m p l e t e l y a p p r o a c h r e a l i t y , t h e r e s u l t s t h e y 
l e a d t o r e s e m b l e r e a l i t y i n one r e s p e c t , and t h i s w i l l h e l p i n u n d e r ­
s t a n d i n g t h i s a s p e c t of a c t u a l d i s t r i b u t i o n s of f i r m s i z e s . 
L e t u s assume t h a t f o r e v e r y v a l u e of t and r and f o r some i n t e g e r n 
P ' ( t ) = p ' ( t ) = P ( t ) = 0 , ( 3 - 5 ) 
i f p, > 1 o r (j < - n . T h i s means t h a t no f i r m moves up by more t h a n one s i z e 
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r a n g e i n a y e a r , o r down by more t h a n n f i r m - s i z e r a n g e s i n a y e a r . So 
P ' ( t ) = p ' ( t ) = p ( t ) = P > o , ( 3 - 6 ) r , s v ' r , r + | j / J r,LL v LI J 
i f - n <> LI <. 1 and LI > - r . E q u a t i o n ( 3 - 6 ) means t h a t t h e p r o s p e c t s of s h i f t s 
upwards and downwards on t h e l a d d e r of f i r m - s i z e r a n g e s a r e d i s t r i b u t e d i n 
a manner i n d e p e n d e n t of t h e p r e s e n t f i r m ' s s i z e , a p a r t from t h e l i m i t a t i o n s 
imposed by t h e i m p o s s i b i l i t y of f a l l i n g be low t h e b o t t o m r u n g of t h e l a d d e r . 
To a c c o m p l i s h m a t h e m a t i c a l r e q u i r e m e n t s we assume t h a t f o r e a c h v a l u e 
of r and t 
CO CO 
y P ' ( t ) = y p ' ( t ) = i . ( 3 - 7 ) 
Z-J r , s J L r , r+Lt 
s=0 ( i=-r 
E q u a t i o n ( 3 - 7 ) i m p l i e s t h a t 
1 
I \ = 1 ( 3 - 8 ) 
Li=-n 
f o r a l l r . Or , i n o t h e r w o r d s , we assume a s t a t i o n a r y p r o c e s s o r t h a t 
t h e t r a n s i t i o n p r o b a b i l i t i e s do n o t change t h r o u g h t i m e . 
A n o t h e r a s s u m p t i o n s h o u l d b e made i n o r d e r t o e n s u r e t h a t t h e p r o ­
c e s s i s n o t d i s s i p a t i v e ( 1 6 ) : t h a t t h e t r a n s i t i o n m a t r i x h a s a l i m i t , o r 
i n o t h e r w o r d s , t h a t t h e s i z e d i s t r i b u t i o n of t h e d i f f e r e n t f i r m s s e t t l e 
down t o an e q u i l i b r i u m d i s t r i b u t i o n . M a t h e m a t i c a l l y , t h i s c o n d i t i o n i s 
e n s u r e d by 
1 
y P Z 1 ^ -
Is LL 




T h i s c o m p l e t e s t h e l i s t o f a s s u m p t i o n s f o r our m o d e l . As an e x a m p l e , 
when n = 3? t h e y g i v e r i s e t o a m a t r i x of F i g u r e 5 . 
Now we s h o u l d s t u d y t h e e q u i l i b r i u m d i s t r i b u t i o n c o r r e s p o n d i n g 
t o any m a t r i x P ' ( t ) = P ( t ) con fo rming t o our a s s u m p t i o n s . r , r + p , v r , | i x 
A c c o r d i n g t o t h e p r o p e r t i e s of a s t o c h a s t i c p r o c e s s , i t w i l l b e 
s u f f i c i e n t t o f i n d any d i s t r i b u t i o n wh ich r e m a i n s e x a c t l y t h e same u n d e r 
r e p e a t e d a c t i o n of t h e m a t r i x P 7 ( t ) . ^ r , s v 1 
The a s s u m p t i o n s ( 3 - 5 ) t o ( 3 - 9 ) a r e o n l y f o r t h e p u r p o s e of making 
t h e s o l u t i o n f e a s i b l e and o b v i o u s . I n d e e d , i f X g i s t h e d e s i r e d e q u i l i ­
b r i u m d i s t r i b u t i o n , we n e e d by (3*-^)? ( 3 - 5 ) ? and ( 3 - 7 ) 
1 
x = y p x ( 3 - 1 0 ) 
s Z_i LL S-LI 
f o r a l l s > 0 , and 
0 |i 
X = ) g X where g = Y P . ( 3 - 1 1 ) 
- n v=-.n 
E q u a t i o n ( 3 - 1 0 ) i s an e q u a t i o n i n d i f f e r e n c e s ( 1 0 ) . The o n l y s o l u t i o n of 
( 3 - 1 0 ) f o r X — b e c a u s e by s a t i s f y i n g ( 3 - 5 ) ? ( 3 - 6 ) , ( 3 - 7 ) ? and ( 3 - 1 0 ) we 
s 
e n s u r e t h e s a t i s f a c t i o n of ( 3 - * l l ) - - i s a s o l u t i o n of t h e form. 
X g = b S , ( 3 - 1 2 ) 
where b i s a p o s i t i v e r e a l number o t h e r t h a n u n i t y o b t a i n e d e q u a t i n g t o 
z e r o e q u a t i o n ( 3 - 9 ) ? o r 
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s = 0 1 2 
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1 1 - p - p 
0 1 
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0 0 0 0 0 0 
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P - 3 + P - 2 p - l p o p i 
0 0 0 0 0 
3 P - 3 P - 2 p - l p o p l 
0 0 0 0 
k 0 
P - 3 p - l p o p l 
0 0 0 
5 0 0 P - 3 P - 2 p - l p o p l 
0 0 
6 0 0 0 
P - 3 P - 2 p - l p o p l 
0 
7 0 0 0 0 P - 3 P - 2 
p , 
-J-
p o p l 
• • • • • • • • • • 
• • • • • • • • • • 
F i g u r e 5 . S t o c h a s t i c M a t r i x f o r n = 3 
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F ( Z ) = y P Z 1 " ^ - Z = 0 . ( 3 - 1 3 ) 
LL=-n 
A n a l y z i n g ( 3 - 1 3 ) one r o o t i s o b v i o u s , Z = 1 , and u s i n g D e s c a r t e s ' R u l e 
of S i g n s , s i n c e when F ( o ) = P Q > 0 , t h e o t h e r r e a l p o s i t i v e r o o t must 
s a t i s f y 
0 < b < 1 . (3 -1*0 
H e n c e , t h e s o l u t i o n ( 3 - 1 2 ) i m p l i e s t h a t t h e t o t a l number of f i r m s i s g i v e n 
by 
So i f we wan t t o a r r a n g e f o r any g i v e n number N of f i r m s i n an i n d u s t r y 
we need m e r e l y modi fy ( 3 - 1 2 ) , h e n c e 
X ' = N ( l - b ) b S . ( 3 - 1 6 ) 
s 
I n o t h e r w o r d s , i f we m u l t i p l y ( 3 - 1 2 ) by a c o n s t a n t , t h e s o l u t i o n i s s t i l l 
v a l i d . Now suppose t h a t t h e p r o p o r t i o n a t e e x t e n t of e a c h f i r m - s i z e r a n g e 
i s A h , and t h a t t h e l o w e s t f i r m s i z e i s Y . : t h e n X i s t h e number of 7 m m s 
f i r m s i n r a n g e R whose l ower bound i s g i v e n by s 
Y = A S h Y . , ( 3 - 1 7 ) s m m ' v ' 
or t a k i n g l o g a r i t h m s i n b a s e A 
l o g A y s = sh + l o g A y m i n . ( 3 - 1 8 ) 
3 1 
By a d d i n g a g e o m e t r i c a l p r o g r e s s i o n u s i n g ( 3 - l 6 ) we w i l l f i n d t h a t i n 
t h e l o n g r u n , o r m a t h e m a t i c a l l y s p e a k i n g , i n t h e s t e a d y - s t a t e t h e d i s ­
t r i b u t i o n of t h e numbers of f i r m s e x c e e d i n g Y i s g i v e n by 
s 
F ( Y s ) = N b S , ( 3 - 1 9 ) 
whence 
l o g A F ( Y s ) - l o g A H + S l o g A Y m i n . ( 3 - 2 0 ) 
L e t a = l o g B b _ 1 / h and v = l o g B N + a l o g B Y . . Then i t f o l l o w s from A T A A mm 
( 3 - 1 7 ) , ( 3 - 1 8 ) , and ( 3 - 1 9 ) 
l o g A F ( Y s ) = y - a l o g ^ . ( 3 - 2 1 ) 
T h i s means t h a t f o r Y = Y^, Y^, Y^, . . t h e l o g a r i t h m of t h e number 
of f i r m s e x c e e d i n g Y i s a l i n e a r f u n c t i o n of Y. T h i s s t a t e s t h e P a r e t o ' s 
Law i n i t s e x a c t form ( 2 0 ) ( 2 ^ ) . 
T h u s , i f a l l r a n g e s a r e of e q u a l l y p r o p o r t i o n a t e e x t e n t , our 
s i m p l i f y i n g a s s u m p t i o n s e n s u r e t h a t any i n i t i a l d i s t r i b u t i o n of f i r m ' s 
s i z e w i l l i n t h e l o n g r u n a p p r o a c h t h e e x a c t P a r e t o d i s t r i b u t i o n g i v e n by 
( 3 - 2 0 ) and ( 3 - 2 1 ) . B o n i n i (21) f i t t e d t h e Yule d i s t r i b u t i o n t o t h e f i v e 
h u n d r e d l a r g e s t Amer ican f i r m s . H a r t and P r i a s ( l l ) a p p l i e d a l o g - n o r m a l 
d i s t r i b u t i o n a s t h e d i s t r i b u t i o n f u n c t i o n of t h e s i z e s of f i r m s i n B r i t i s h 
i n d u s t r y . I t c an b e p r o v e d t h a t when t h e p a r a m e t e r s of t h e s e d i s t r i b u t i o n s 
go t o i n f i n i t y ( i . e . , when t h e y r e a c h s t e a d y - s t a t e ) b o t h d i s t r i b u t i o n s 
h a v e a s a l i m i t t h e P a r e t o d i s t r i b u t i o n ( 2 0 ) . 
The model p r e s e n t e d h e r e b r i n g s o u t c l e a r l y t h e t e n d e n c y f o r 
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P a r e t o ' s law t o a p p l y i n an i n d u s t r y w h e r e , above a c e r t a i n minimum s i z e , 
t h e p r o s p e c t s of v a r i o u s amounts of p e r c e n t a g e change i n t h e s i z e of t h e 
f i r m s a r e i n d e p e n d e n t of t h e i r i n i t i a l s i z e . 
' A l t h o u g h t h e a s s u m p t i o n s upon wh ich t h e mode l i s b a s e d a r e n o t 
v e r y r e a l i s t i c , t h e r e s u l t s o b t a i n e d do n o t c o n t r a d i c t t h e e m p i r i c a l f i n d ­
i n g s on t h i s s u b j e c t , a s we s h a l l s e e l a t e r o n . F o r t h i s r e a s o n we t h i n k 
t h e model can b e a p p l i e d i n r e a l w o r l d s i t u a t i o n s . 
Some m o d i f i c a t i o n s of t h e model s h o u l d be m e n t i o n e d : 
1 . By r emoving t h e a s s u m p t i o n t h a t t h e r e i s a l o w e s t s i z e r a n g e R , 
and s e t t i n g up a d e q u a t e c o n d i t i o n s , i t c o u l d b e p o s s i b l e t o o b t a i n a two-
t a i l e d d i s t r i b u t i o n : one f o r t h e b i g g e s t companies and t h e o t h e r f o r t h e 
l i t t l e and medium companies i n t h e i n d u s t r y . 
2 . More g e n e r a l i z a t i o n i s o b t a i n e d i f we a l l o w t h e d i f f e r e n t f i r m s 
t o s h i f t upwards by more t h a n one r a n g e d u r i n g t h e p e r i o d of t i m e i n c o n ­
s i d e r a t i o n . 
3 . By l i m i t i n g o u r b a s i c a s s u m p t i o n t h a t t h e p r o s p e c t s of v a r i o u s 
amounts of p e r c e n t a g e change of s i z e a r e i n d e p e n d e n t of t h e i n i t i a l s i z e 
t o a p p l y e s p e c i a l l y t o t h e b i g compan ies a s i t happens i n t h e r e a l w o r l d . 
From t h e s e t h r e e m o d i f i c a t i o n s t o our b a s i c model t h e most s t r a i g h t ­
f o r w a r d i s t h e s e c o n d o n e . 
I f we e l i m i n a t e t h e r e s t r i c t i v e a s s u m p t i o n t h a t P ( t ) = 0 when 
ryj, 
(j, > 1 and r :> 0 , l e t u s r e p l a c e t h e a s s u m p t i o n ( 3 - 5 ) "by 
P ' ( t ) = p ' ( t ) = P = 0 , ( 3 - 2 2 ) 
r s v ' r , r + L i v LL 
i f LL > m (m a g i v e n p o s i t i v e number) o r LL < - n , and ( 3 - 6 ) by 
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P 7 ( t ) = p ' ( t ) = P ( 3 - 2 3 ) r s v ' r , r+Li LL 
( d e f i n e d f o r LI = - n , 1-n , . . m and a l l r ) . 
We may r e t a i n a s s u m p t i o n s ( 3 - 7 ) and ( 3 - 8 ) wh ich i n t h i s c a s e t u r n 
o u t t o h e 
m 
V P = 1 w i t h a l l P ;> 0 (3-2U) 
Lt=-n 
m 
T P Z m ^ = Z m . ( 3 - 2 5 ) 
I—i Ll 
|a=-n 
I n t h e c a s e t h a t n = 2 and m = 3s t h e m a t r i x P ' ( t ) w i l l have t h e form 
5 r s v ' 
shown i n F i g u r e 6 . The r e q u i r e d s o l u t i o n w i l l be 
X s = I K*M X r s = 0 , 1 , 2 , . . . 
r = 0 
( 3 - 2 6 ) 
N = I X s 
s=0 
E q u a t i o n ( 3 - 2 6 ) c o u l d b e r e p l a c e d by 
m 
X = I P n X S - L L s = 0 , 1 , 2 , . . . . ( 3 - 2 7 ) s 
Li=-m 
A g a i n , ( 3 - 2 7 ) i s a d i f f e r e n c e e q u a t i o n s i m i l a r t o ( 3 - 1 0 ) w i t h t h e d i f f e r ­
e n c e b e i n g t h a t ( 3 - 2 7 ) i s of h i g h e r o r d e r (m + n ) . 
A s o l u t i o n of ( 3 - 2 7 ) i s of t h e form 
3^ 
r = 0 1 2 3 k 5 6 7 
s = 0 1 - p - p - p - 2 - 1 0 p l P 2 P 3 
0 0 0 0 
1 P - 2 + P - l p o P l P 2 P 3 
0 0 0 
2 P - 2 p - l p o P l P 2 P 3 
0 0 
3 0 P - 2 P - l P 0 p l P 2 P 3 
0 
k 0 0 P - 2 P - l p o p l P 2 P 3 
0 0 0 P - 2 p - l p o p l P 2 
6 0 0 0 0 P - 2 p . l p o p l 
7 0 0 0 0 0 P - 2 p - l p o 
• • • • • • • • • 
• • • • • • • • • 
F i g u r e 6 . S t o c h a s t i c M a t r i x f o r m = 3? n = 2 
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m+n 
X s = I B k \ S s = 0 , 1 , 2 , . . . . ( 3 - 2 8 ) 
k=0 
S i n c e no X can be n e g a t i v e , t h e b ' s must be r o o t s of ( 3 - 2 5 ) , and. s i n c e 
S K. 
a l l t h e c o e f f i c i e n t s of n o n - z e r o powers of Z i n ( 3 - 2 5 ) a r e p o s i t i v e , ( 3 - 2 8 ) 
g 
may be r e d u c e d t o X = Bb where b i s t h e r e a l r o o t l y i n g b e t w e e n z e r o and 
s 
o n e , and B a p o s i t i v e c o n s t a n t . F o l l o w i n g a r e a s o n i n g s i m i l a r t o t h e p r e ­
v i o u s model we o b t a i n a g a i n t h e P a r e t o d i s t r i b u t i o n a s s t e a d y - s t a t e d i s t r i ­
b u t i o n of t h e p r o c e s s . 
A Model Making A l l o w a n c e s f o r Some E f f e c t s of Techno logy Improvements 
An o b v i o u s o b j e c t i o n t o t h e p r e c e d i n g models i s t h e assumed c o n ­
s t a n c y o v e r t i m e of t h e movements m a t r i c e s P r s ( t ) ove r t i m e . I t i s a 
f a c t t h a t t h e t e c h n o l o g i c a l a d v a n c e s i n a l l t h e f i e l d s of s c i e n c e p l a y an 
i m p o r t a n t r o l e i n d e t e r m i n i n g , i n p a r t , t h e s i z e of f i r m s i n t h e d i f f e r e n t 
i n d u s t r i e s . I n t h i s s e c t i o n we w i l l t r y t o modify o u r p r e v i o u s models i n 
o r d e r t o c o n s i d e r i n some way t h e d e g r e e of t e c h n o l o g y t h e d i f f e r e n t f i r m s 
have r e a c h e d a s a f a c t o r i n f l u e n c i n g t h e i r g r o w t h and c o n s e q u e n t l y t h e i r 
s i z e s i n a g i v e n i n d u s t r y . 
Our methods w i l l be t o suppose t h a t ou r i n d u s t r y i n c o n s i d e r a t i o n - -
o r p o p u l a t i o n , s t a t i s t i c a l l y s p e a k i n g - - i s d i v i d e d i n t o C " d e g r e e s of t e c h ­
n o l o g y " ; f i r m s w i t h h i g h t e c h n o l o g i c a l a d v a n c e s , f i r m s w i t h medium d e g r e e 
of t e c h n o l o g y , and f i r m s w i t h low t e c h n o l o g i c a l a c h i e v e m e n t s - - a n d t h a t t h e 
d i f f e r e n t f i r m s can move from one d e g r e e of t e c h n o l o g y t o a n o t h e r ; t h e 
p r o s p e c t s of change of s i z e v a r y i n g from one d e g r e e of t e c h n o l o g y t o 
a n o t h e r . 
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L e t u s now s e t down f o r m a l l y t h e n o t a t i o n f o r o u r o r i g i n a l mode l , 
m o d i f i e d t o i n c l u d e t h e t e c h n o l o g i c a l a s p e c t . L e t P / C ( t ) = P C ( t ) 
r s r«s—r 
c d ( t ) p c d 
d e n o t e t h e p r o p o r t i o n of t h e f i r m s i n a g i v e n i n d u s t r y i n r a n g e - s i z e R^ 
i n d e g r e e of t e c h n o l o g y C i n y e a r t , wh ich move i n t o r a n g e R i n d e g r e e 
s 
of t e c h n o l o g y d i n y e a r t + 1 . 
I f X ^ ( t ) d e n o t e s t h e number of f i r m s i n s i z e - r a n g e R^ and d e g r e e of 
t e c h n o l o g y c i n y e a r t , t h e n by d e f i n i t i o n 
C oo 
X s ^ = I I p / r s ( t ) X s ( t ) > ( 3 " 2 9 ) 
c = l r = 0 
and i f an e q u i l i b r i u m d i s t r i b u t i o n X g e x i s t s i t must s a t i s f y t h e c o n d i t i o n 
4 = 1 I < > ( 3 - 3 ° ) 
c = l r = 0 
f o r e v e r y d = 1 , 2 , . . . C, and s = 0 , 1 , 2 , . . . . The a s s u m p t i o n s 
f o r our model c a n now b e s e t down i n a form c l o s e l y a n a l o g o u s t o t h o s e 
of ou r p r e v i o u s mode l . We assume 
when s > m, o r s < - n , . 
d a 
Where m^ and n^ a r e p o s i t i v e i n t e g e r s f o r d = 1 , 2 , 3> • • • c 
P c d ( t ) = P ' 0 d ( t ) = P c d * 0 ( 3 - 3 2 ) T[i ' r , r + u i v ' Lt 
cd ( d e f i n e d f o r v a l u e s of LL = - n , 9 1 - n n 3 . . m,) and P a r e c o n s t a n t s v d d d LL 
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s a t i s f y i n g f o r e a c h C = 1 , 2 , . . . , C t h e c o n d i t i o n 
c d 
i i ? r = i • ( 3 - 3 3 ) 
d = l | i=-nd 
I t i s a l s o c o n v e n i e n t a t t h i s p o i n t t o make some r e m a r k s : 
1 . I t i s n e c e s s a r y t o c l a r i f y t h e a c c e s s i b i l i t y of one s i z e - r a n g e 
R i n one d e g r e e of t e c h n o l o g y C, from t h e s i z e r a n g e R i n a d e g r e e of 
S CL 10 
t e c h n o l o g y C^. We w i l l assume a p e r f e c t m o b i l i t y t h r o u g h a l l t h e s i z e -
r a n g e s i n t h e d i f f e r e n t d e g r e e s of t e c h n o l o g y ( 9 ) . F o r i n s t a n c e : r a n g e 
R i n w i l l b e c a l l e d a c c e s s i b l e i n one s t e p from r a n g e R i n C , i f s d r c 
P ( t ) i s p o s i t i v e . I n g e n e r a l , we w i l l s ay t h a t R i n C, i s a c c e s s i b l e r s v i v ' J s d 
i n n s t e p s from R^ i n C c i f i t i s a c c e s s i b l e i n one s t e p from any r a n g e 
s i z e i n any d e g r e e of t e c h n o l o g y w h i c h i s i t s e l f a c c e s s i b l e from R^ i n C c 
i n n - 1 s t e p s . 
F i n a l l y , R i n C., w i l l be t e r m e d a c c e s s i b l e from R i n C i f f o r 7 s d r c 
any n i t i s t h u s a c c e s s i b l e i n n s t e p s . 
2 . I n o r d e r t o e n s u r e t h a t t h e s i z e d i s t r i b u t i o n s of f i r m s i s u n i ­
que ( 9 ) ( l 6 ) , e ach s i z e - r a n g e i n a n y d e g r e e of t e c h n o l o g y i s a c c e s s i b l e 
from each s i z e - r a n g e i n e v e r y d e g r e e of t e c h n o l o g y . M a t h e m a t i c a l l y , t h i s 
i s what we have s t a t e d i n e q u a t i o n ( 3 - 3 3 ) ? o r more g e n e r a l l y , 
c d 
1 1 P > ) = 1 • 0 - 3 4 ) 
d = l Li=-n d 
I n t h i s c o n d i t i o n a g e n e r a l i z e d model of t h i s t y p e s h a l l have C s e t s of e q u i -




4 - 1 I 4 0 - 3 5 ) 
c = l r = 0 
f o r d = 1 , 2 , . . . , C, o r t a k i n g i n t o a c c o u n t ( 3 - 3 1 ) and ( 3 - 3 2 ) 
c m a 
x d 
S 
c = l H = - n d 
We a r e l e d t o i n v e s t i g a t e C s i m u l t a n e o u s e q u a t i o n s : 
C d 
A d = I I A c ^ V " d - 1 , 2 , . . . , C ( 3 - 3 7 ) 
c = l (j,=-n d 
which may b e w r i t t e n a g a i n a s 
£ A c P c d ( z ) = 0 d = 1 , 2 , 3 , . . C ( 3 - 3 8 ) 
c = l 
where 
P c d ( Z ) = £ P ^ V ^ - 1 i f o = d , ( 3 - 3 9 ) 
o r 
m d 




I f ( 3 - 3 8 ) h a s a s o l u t i o n e l i m i n a t i n g t h e c o e f f i c i e n t s , A i m p l i e s 
c 
Det | P ° d ( Z ) | = G(Z) = say = 0 . ( 3 - ^ 1 ) 
The f u n c t i o n G(Z) can be e x p r e s s e d i n t h e form 
m C C 
O(Z) = I , m = I m c 5 n = £ % , ( 3 - 4 2 ) 
(X=-n c = l c = l 
and G(Z) p l a y s a r o l e s i m i l a r t o e q u a t i o n ( 3 - 2 5 ) . Then i t can b e p r o v e d 
t h a t f o r l a r g e s , where X i s t h e e q u i l i b r i u m d i s t r i b u t i o n 
s 
X s = Kb s , ( 3 - l t f ) 
w h e r e b i s a r e a l p o s i t i v e r o o t of ( 3 - ^ 2 ) . 
T h e n , a g a i n , t h e P a r e t o d i s t r i b u t i o n i s t h e s t e a d y - s t a t e d i s t r i b u ­
t i o n of t h e m o d e l . 
ho 
CHAPTER IV 
EVALUATION OF THE MODELS 
I n t h i s c h a p t e r we s h a l l i l l u s t r a t e t h e p r o c e d u r e of t h e p r e c e d i n g 
s e c t i o n s by a p p l y i n g t h e a s s u m p t i o n s and t o o l s d e v e l o p e d p r e v i o u s l y t o 
t h e d e r i v a t i o n of t h e P a r e t o s i z e d i s t r i b u t i o n f u n c t i o n of t h e f i r m s i n 
t h e comput ing a c c o u n t i n g i n d u s t r y . 
G e n e r a l i t i e s 
F o r t h e p u r p o s e of t h i s s t u d y , s i n c e t h e r e a r e no c r i t e r i a f o r d e ­
f i n i n g an i n d u s t r y which i s f r e e from a b r i t r a r i n e s s , i t seemed s e n s i b l e 
t o u s e d e f i n i t i o n s u s u a l l y a c c e p t e d . The sample c h o s e n r e p r e s e n t s an i n ­
d u s t r y a c c o r d i n g t o t h e U - d i g i t S . I . C . c l a s s e s , s p e c i f i c a l l y , t h e comput ing 
a c c o u n t i n g i n d u s t r y which i s l a b e l e d a c c o r d i n g t o t h e S . I . C . c l a s s i f i ­
c a t i o n w i t h t h e number 3 5 7 1 . 
The s i z e of t h e f i r m s was measured i n t e r m s of a s s e t s . The Dunn 
and B r a d s t r e e t M i l l i o n D o l l a r D i r e c t o r y was t h e s o u r c e of i n f o r m a t i o n f o r 
f i r m s i n t h e comput ing a c c o u n t i n g i n d u s t r y . The a c t u a l a s s e t s f i g u r e s were 
p r o c u r e d from t h e v a r i o u s r e l e v a n t Moody 's Manuals ( 2 3 ) . I f a g i v e n f i r m 
l i s t e d i n Dunn and B r a d s t r e e t was n o t l i s t e d i n Moody ' s i t was e l i m i n a t e d 
from t h e s a m p l e . S i m i l a r l y , we e l i m i n a t e d f i r m s f o r wh ich a s s e t s were 
n o t l i s t e d i n Moody 's o r w h i c h a s s e t s were l i s t e d a s s u b s i d i a r i e s of some 
p a r e n t company and f o r which no s e p a r a t e b a l a n c e s h e e t was p r o v i d e d . These 
r e s t r i c t i o n s t e n d t o e l i m i n a t e , i n o u r o p i n i o n , t h e s m a l l f i r m s . However , 
a l t h o u g h we a r e b a s i c a l l y i n t e r e s t e d i n t h e s i z e d i s t r i b u t i o n of t h e b i g g e s t 
kl 
companies of a g i v e n i n d u s t r y , t h e s e l e c t i o n p r o c e d u r e i s t h u s n o t f r e e 
of a r b i t r a r i n e s s . The p a r t i c u l a r i n d u s t r y c h o s e n was s e l e c t e d m a i n l y f o r 
two r e a s o n s : f i r s t of a l l , t h e comput ing and a c c o u n t i n g i n d u s t r y i s a c t u a l l y 
t h e most p r o g r e s s i v e and one of t h e most i m p o r t a n t i n d u s t r i e s i n t h e n a t i o n ' s 
economy; s e c o n d l y , t h e p r e s e n t m a r k e t s t r u c t u r e w i t h i n t h i s f i e l d of a c t i ­
v i t y i s f a i r l y t y p i c a l of t h a t of i n d u s t r y i n g e n e r a l . For a s i s w e l l 
known, t h e c u r r e n t form of o r g a n i z a t i o n of t h e comput ing a c c o u n t i n g i n d u s ­
t r y i s o l i g o p o l i s t i c i n c h a r a c t e r , c o n s i s t i n g of a few dominant f i r m s t o g e t h ­
e r w i t h a l a r g e number of s m a l l e n t e r p r i s e s . 
Da ta and D i s t r i b u t i o n s 
I n o r d e r t o d e r i v e t h e s h a p e p r e d i c t e d by ou r model f o r t h e e q u i l i ­
b r i u m s i z e d i s t r i b u t i o n of f i r m s of t h e comput ing a c c o u n t i n g i n d u s t r y , a 
f i r s t s t e p i n t h i s d i r e c t i o n i s t h e q u a n t i f i c a t i o n of a m a t r i x s i m i l a r t o 
t h e one i n F i g u r e 7. 
B e f o r e we c o u l d a c c o m p l i s h t h i s t a s k we had t o s e l e c t t h e d i f f e r e n t 
s i z e - r a n g e s t h r o u g h w h i c h f i r m s a r e d i s t r i b u t e d . 
To a v o i d t h e p rob l em of s t a t i s t i c a l d e f l a t i o n - - f o r i t a p p e a r s u n ­
r e a s o n a b l e t o assume t h a t a f i r m w i t h t e n m i l l i o n d o l l a r s w o r t h of a s s e t s 
i n 1963 i s n e c e s s a r i l y e q u a l i n m a g n i t u d e t o a t e n - m i l l i o n d o l l a r f i r m i n 
1965- -we r e q u i r e d t h a t t h e c l a s s l i m i t s of a g i v e n s i z e r a n g e r e p r e s e n t 
t h e same s h a r e of t h e t o t a l a s s e t s of t h e f i r m s i n c o n s i d e r a t i o n i n any 
s p e c i f i e d y e a r . I n o t h e r w o r d s , we u s e d r e l a t i v e s i z e s . 
The y e a r s s e l e c t e d f o r our s t u d y were 1963-19&5. S i n c e t h e r a t i o 
of t h e v a l u e of t h e t o t a l a s s e t s of t h e i n d u s t r y i n 19&5 t o t h e i r v a l u e i n 
1963 "was a p p r o x i m a t e l y 1.5? a r b i t r a r i l y we e s t a b l i s h t h e u p p e r l i m i t of t h e 
S i z e of F i r m 
i n 1 9 6 3 * 
s = 
r = 0 l 2 3 k 5 6 









1 1 12 13 11+ 15 16 17 18 
. 0 ^ 5 - . 066 0 1 2 
.067 - .100 1 1 1 1 
. 1 0 1 - . 1 5 1 2 | 2 2 2 l 
.152 - . 227 3 3 1 
. 2 2 8 - . 3 ^ 0 k 
. 3 ^ 1 - . 5 1 1 5 1 1 1 
.512 - . 7 6 8 6 2 1 
. 769 - 1 . 1 5 1 7 1 
1 .152 - 1 .729 8 1 1 
1 .730 - 2 . 5 8 9 1 
2 . 5 9 - 3 . 8 8 10 1 
3 . 8 9 - 5 . 8 3 11 j 1 
5.81+ _ 8 . 7 5 12 j 1 
8 . 76 - 1 3 . 1 1 13 j 2 1 
1 3 . 1 2 - 19.7*4- ik j 
1 9 . 7 5 - 2 9 . 5 9 15 
2 9 . 6 0 - kk.39 16 1 
kk.ko - 6 6 . 5 9 17 
6 6 . 6 0 - 100 18 j 1 J •J 4 
F i g u r e 7 . C r o s s - C l a s s i f i c a t i o n of t h e Computing A c c o u n t i n g I n d u s t r y by T h e i r 
L R e l a t i v e S i z e s i n 1963 and 1 9 6 5 . 
A f i r m ' s s i z e i s h e r e d e f i n e d a s i t s s h a r e of t h e t o t a l a s s e t s of a l l t h e f i r m s i n t h e s p e c i f i e d 
y e a r . T h u s , t h e s i z e c l a s s e s h e r e shown r e f e r t o t h e p e r c e n t a g e s of t o t a l a s s e t s . 
>+3 
l a r g e s t s i z e c l a s s a s b e i n g 100 p e r c e n t , and d e t e r m i n e s u c c e s s i v e c l a s s e s 
d i v i d i n g e a c h u p p e r c l a s s by 1 . 5 . H e n c e , t h e s t r u c t u r e of p o s s i b l e s i z e 
c l a s s e s i s d e t e r m i n e d a s 100 - 6 6 . 6 p e r c e n t , 6 6 . 5 9 - ^ . 5 p e r c e n t , kk.k-9-29.7 
p e r c e n t , e t c . Tak ing t h e r a n g e 0 . 0 6 7 - 0 . 1 0 1 p e r c e n t , we d e v e l o p e a 
t r a n s i t i o n a l m a t r i x showing t h e number of t r a n s i t i o n a l movements of f i r m s 
from one s i z e c l a s s t o a n o t h e r ove r t h e p e r i o d 1 9 6 3 - 1 9 6 5 . 
One p r o b l e m i n t h e c o n s t r u c t i o n and i n t e r p r e t a t i o n of t h i s m a t r i x 
s h o u l d b e n o t e d . The e s t a b l i s h m e n t of s i z e c l a s s e s i s n e c e s s a r i l y a r b i ­
t r a r y , and i s s i g n i f i c a n t b e c a u s e t h e s i z e c l a s s e s u s e d d e t e r m i n e d t h e 
amount of movement r e c o r d e d i n t h e m a t r i x . The p r o c e d u r e a d o p t e d h e r e h a s 
b e e n t o c o n s t r u c t s i z e c l a s s e s i n t e rms of t h e s h a r e of e a c h f i r m i n t h e 
a s s e t s of t h e g roup a t e a c h p o i n t i n t i m e , and t o d e t e r m i n e a r b i t r a r i l y 
t h a t a f i r m must move from one s i z e c l a s s t o a n o t h e r when i t s r e l a t i v e s h a r e 
of t h e t o t a l a s s e t s e i t h e r i n c r e a s e s b y 50 p e r c e n t o r f a l l s by 33 p e r c e n t . 
An e x a m i n a t i o n of t h e m a t r i x r e v e a l s s e v e r a l i n t e r e s t i n g f a c t s . 
F i r s t of a l l , t h e most p r o b a b l e outcome i s t h a t a f i r m w i l l move one i n t e r ­
v a l down o r r e m a i n i n t h e same c l a s s i n t e r v a l . S e c o n d , t h e f i r m s move up 
and down b y no more t h a n one a s s e t r a n g e . Of c o u r s e t h i s f a c t i s weakened 
by t h e way we s e l e c t our s i z e i n t e r v a l s . I t would r e q u i r e an e x t r a o r d i ­
n a r i l y h i g h r a t e of g r o w t h f o r a f i r m t o move from c l a s s j t o c l a s s j + 2 
i n two y e a r s . N e v e r t h e l e s s , t h r e e compan ies d i d i t . 
A p p r o x i m a t e l y k2 p e r c e n t of t h e f i r m s i n c o n s i d e r a t i o n moved one 
c l a s s i n t e r v a l down; 3 5 . 5 p e r c e n t s t a y e d i n t h e same c l a s s i n t e r v a l ; 9.6 
p e r c e n t moved one s i z e c l a s s u p ; and 1 2 . 9 p e r c e n t moved by more t h a n one 
s i z e i n t e r v a l u p . 
Tak ing t h e s e p e r c e n t a g e s t o r e p r e s e n t an e s t i m a t e of t h e p r o b a b i l i t i e s 
kk 
t h a t s u c h s h i f t s w i l l o c c u r i n e a c h of an i n d e f i n i t e number of s u b s e q u e n t 
p e r i o d s , we p r o c e e d t o e v a l u a t e t h e e q u i l i b r i u m s i z e d i s t r i b u t i o n p r e d i c t e d 
b y our model f o r t h e comput ing a c c o u n t i n g i n d u s t r y . S i n c e a l l t h e f i r m s 
e x c e p t one moved by one s i z e r a n g e down o r two s i z e r a n g e s u p , making i n 
e q u a t i o n s ( 3 - 2 2 ) , ( 3 - 2 3 ) , n = 1 ; m = 2 , P = 0.k2; P Q = O . 3 6 ; P = O.O96, 
P^ = 0 . 1 2 ^ , e q u a t i o n ( 3 - 2 5 ) becomes 
M z 3 + . 36 z 2 + .096 Z + ,12k - Z 2 = 0 , (1*-1) 
wh ich g i v e s a v a l u e of b = O .865 . Us ing t h i s v a l u e i n e q u a t i o n s ( 3 - 2 0 ) and 
( 3 - 2 1 ) , t h e P a r e t o d i s t r i b u t i o n of f i r m s i z e s i n t h e comput ing a c c o u n t i n g 
i n d u s t r y i s g i v e n by 
( 4 - 2 ) 
where t h e random v a r i a b l e y r e p r e s e n t s p e r c e n t a g e s of t h e t o t a l a s s e t s of 
s 
t h e f i r m s u n d e r c o n s i d e r a t i o n i n e a c h p e r i o d of t i m e . 
I n F i g u r e s 8 and 9 we can s e e i n a l o g - l o g s c a l e how e q u a t i o n (h-2) 
f i t s t h e a c t u a l s i z e d i s t r i b u t i o n of f i r m s i n t h e comput ing a c c o u n t i n g i n ­
d u s t r y i n 1965 and 1 9 6 6 . The c h i - s q u a r e t e s t f o r g o o d n e s s of f i t r e v e a l e d 
no s i g n i f i c a n c e a t 25 p e r c e n t l e v e l of c o n f i d e n c e f o r b o t h c u r v e s . 
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CONCLUSIONS AND RECOMMENDATIONS 
C o n c l u s i o n s 
I n t h i s p a p e r we have d e s c r i b e d a s t o c h a s t i c p r o c e s s f o r t h e d e r i ­
v a t i o n of t h e s i z e d i s t r i b u t i o n of f i r m s i n a g i v e n i n d u s t r y . I n t h i s 
p r o c e s s our b a s i c p o s t u l a t e was t h a t t h e p r o b a b i l i t i e s of t r a n s i t i o n of 
f i r m s t h r o u g h an enumerab l e i n f i n i t y of s i z e c l a s s r a n g e s above some s i z e 
l i m i t were i n d e p e n d e n t of t h e s i z e of t h e f i r m s t h e m s e l v e s . As d i s c u s s e d 
a b o v e , t h e s t r u c t u r e of l e a d i n g f i r m s w i t h i n an i n d u s t r y w i l l g e n e r a l l y 
t e n d t o w a r d s a P a r e t o t y p e d i s t r i b u t i o n f u n c t i o n . 
As a t e s t of t h e m o d e l , we examined t h e comput ing a c c o u n t i n g i n d u s t r y 
i n t h e U n i t e d S t a t e s . We found t h a t t h e b e h a v i o r of t h e model i s c o n s i s t e n t 
w i t h t h e e m p i r i c a l o b s e r v a t i o n s t h a t one might e x p e c t : a t e n d e n c y t o w a r d s 
c o n c e n t r a t i o n and a t t h e same t i m e a t e n d e n c y by p a r t of t h e l e a d i n g f i r m s 
w i t h i n t h e i n d u s t r y t o r e a c h a s t a b l e d i s t r i b u t i o n a s f a r a s s i z e of t h e 
f i r m s i s c o n c e r n e d . 
I t wou ld a p p e a r t h a t t h e a p p l i c a t i o n of t h i s model does n o t l e a d t o 
wrong r e s u l t s , and t h e r e f o r e i n c r e a s e s t h e p l a u s i b i l i t y of t h e u s e of 
s t o c h a s t i c p r o c e s s e s i n t h e s t u d y of i n d u s t r i a l s t r u c t u r e s . 
Recommendat ions 
Recommendat ions r e l a t i n g t o t h i s s t u d y and i t s i m p l i c a t i o n s f o r 
f u r t h e r r e s e a r c h i n t h e g e n e r a l a r e a of t h e a n a l y z i n g g r o w t h and s i z e 
d i s t r i b u t i o n of f i r m s a r e s e v e r a l : 
kQ 
1 . F u t u r e s t u d i e s i n t h i s a r e a c o u l d b e c o n c e r n e d w i t h p r o v i n g t h e 
v a l i d i t y of ou r models i n o t h e r i n d u s t r i e s . 
2 . I t s h o u l d be a s c e r t a i n e d f o r wh ich i n d u s t r i e s our a s s u m p t i o n s 
would n o t g i v e r e l i a b l e r e s u l t s , t h e c a u s e s of t h i s f a i l u r e , and an e c o n o ­
mic i n t e r p r e t a t i o n of such f a i l u r e . 
3 . S t o c h a s t i c models of g r o w t h of f i r m s t h a t embody a s much know­
l e d g e a s we have a b o u t t h e u n d e r l y i n g p r o c e s s e s s h o u l d b e d e v e l o p e d . 
k. The a p p l i c a t i o n of t h i s model t o o t h e r a r e a s m i g h t g i v e r e l i a b l e 
r e s u l t s i f t h e above a s s u m p t i o n s a r e c o n s i d e r e d . 
5 . The p o s s i b l e i m p l i c a t i o n , wh ich t h e u s e of s t o c h a s t i c models c o u l d 
h a v e on a c t u a l p u b l i c p o l i c y wh ich i s b a s e d on s t a t i c e q u i l i b r i u m a n a l y s i s 




ASSET SIZES OF THE COMPUTING ACCOUNTING INDUSTRY 
1963-1966 
M i l l i o n D o l l a r s 
1966 1965 1963 
A s t r o d a t a , I n c . 25 . 1 1 5 . 7 h.9 
S y s t r o n Doumer C o r p . 9 . 7 7 . ^ 5 .5 
Da ta P r o d u c t s C o r p . 6 . 1 h.9 2 . 0 8 
Coleman Eng . Co. 3 . 3 3 . 9 3 . 9 
W h i t t a k e r C o r p . 1+2 . 7 2 2 . 9 1 8 . 9 
S c i e n t i f i c Da ta Sys tems 65 . 8 i+2.9 5 . 6 
G e n e r a l G i l b e r t Co. 3 . 3 1+.6 2 . 0 9 
S o r o b a n E n g . , I n c . 5 co
 
h.9 1+.8 
Mi lgo E l e c t r o n i c s C o r p . 5 . 1 5 . 1 3 . 1 
V i c t o r Comptometer 83 . 5 7 1 . ^ 62.1+ 
Scan I n s t r u m e n t C o r p . 5 .1+ 5 . 1 1+.1+ 
A n e l e x C o r p . 11+ . 2 1 3 . 7 1 0 . 1 
E l e c t r o n i c C o r p . of Amer ica 9 . 2 8 . 5 7 . 8 
Bend ix C o r p . 662 . 0 i+85.5 i+36.5 
Bur roughs C o r p . 509 . 1 ^ 3 . 5 3 9 0 . 2 
R. C. A l l e n B u s i n e s s Machine - - 5 . 6 5 . 2 
C o n t r o l Da ta C o r p . 273 . 7 208.1+ 7 1 . 3 
H o n e y w e l l , I n c . 772 . 0 5 9 8 . 1 1+68.0 
U l t r o n i c Sys tems C o r p . 23 .1+ 1 7 . 0 5 . ^ 
D i g i t r o n i c C o r p . 7 . 2 7 . 1 8 . 8 
I . B . M . 1+660 . 8 3 7 ^ 5 . 0 198I+. 5 
A.V.M. C o r p . 26 . 8 2 6 . 2 2 0 . 0 
Bunker Ramo C o r p . 63 . 5 5 5 . k 5 2 . 0 
G e n e r a l B a t t e r y Ceramic 33 . 3 3 6 . 1 2 6 . 7 
O l i v e t t i Underwood C o r p . - - 21+9.7 2 6 1 . 8 
S.C.M. C o r p . 11+6 . 3 9 6 . 9 88.1+ 
U n i v e r s a l C o n t r o l s , I n c . 38 . 9 3 5 . 6 3 ^ . 3 
P o t t e r I n s t r u m e n t s 10 . 5 8 . 6 7 . 8 
N a t i o n a l Cash R e g i s t e r Co. 566 .1+ I+9I+.I 1+62.5 
R o c k w e l l Mfg. Co. ll+9 . 6 1 3 7 . 6 121+.0 
K e l t e c I n d u s t r i e s , I n c . 6 .5 7 . 7 ^ 7 
D i g i t a l Equipment C o r p . 15 . 1 - -
E l e c t r o n i c s Memories Co. 5 . 3 - - - -
T o t a l A s s e t s : 821+9.6 6 8 6 9 . I J+588.1+ 
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